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KALIUM 


PARA AMIN 


BETTER TOLERATED 


PASkalium largely avoids the 
common gastrointestinal upsets 
which limit the usefulness of 
para-aminosalicylic acid as well as 
its sodium and calcium salts 
Patients with positive histories of 
intolerance to all previous PAS 
therapy readily tolerate full 
therapeutic dosage of PASkalium 


in most instances,.! 


HIGHER P.A.S. PLASMA LEVELS 


BETTER esse is the most soluble 


salt known. Absorption is 


rapid and excretion predictable 


FORM Twelve grams daily produce and 


maintain blood levels comparable 


OF to those obtained with 17 grams 
of sodium P.A.S. and ( theoretically ) 


P. 30 grams of P.AS. Acid 
FOR 
TREATING 


Zaratfonetia, D.. Clinical Studios of Various 
Forms of PAS (with special reference to playma 


concentrations Ktead before the American 
Trudeau Socwty, Annual Meeting, Miluaukes 
\ 


Visconsin, May 23-27, 1955 


NOW AVAILABLE in tablets (0.5 Gm), 
pou der, and convenient one-dose 
(3 Gm.) “Envules”. For information, 
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{ BACTO-THROMBOPLASTIN is a stabilized, desiccated rabbit brain 
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advance 
in the mana 


pace. In keeping with the 
tr latest improvement — which 
CON () promises a substantially 
lower incidence of vestibular 
and auditory toxicity — Pfizer 


of tuberculosis 


and dihydrostreptomycin 


reeer 


Recent clinical studies! have 
shown that such a combination, 


one-half streptomycin and 


one-half dihydrostreptomycin, 
gave rise toa significant 
reduction in neurotoxic side 
effects as compared to equivalent 
dosage of either drug used 
alone, even though administered 
over the prolonged treatment 
periods required for the 

Available control of tuberculosis, 

in vials of | Gm 

and 5 Gm., dry 

powder for 


Combistrep offers these benefits 
to the tuberculous patient 
with the further assurance that 


preparation of its purity is of the same high 


lutions for 
ane standard typical of all 


Pfizer pharmaceuticals 


impection 


Streptomycin Sulfate—ary powder and solution 

Dinydrostreptomycin Sulfate ary powder and solution 

Streptohydrazid  crystaitine compound combining streptomycin and isonvazid 
Cotinazin” —brand of isomazid 


Viocin * Sulfate brand of viocin, for resistant cases of tuberculosis 


Pfizer Laboratories, oivisiow. CHAS. PFIZER & CO., INC., BROOKLYN 6, WY, 


Oe 
j 
has made available a new 
combination of streptomycin 
= ~ 
= 
: 
(Pfizer) 
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THE 


Why Over 3,500 TB . 
Case-Finding Projects 
Annually Use 


POWERS 
X-RAY .° 
SERVICE - 


* POWERS SERVICE IS COMPLETE! 
Powers relieves project sponsors of all 
technical problems. Our experienced 
technicians work to the sponsor's 
schedule, with units able to take as 
many as 200 chest x-rays an hour. We 
deliver fully processed x-rays, with a 
viewer, to sponsor's roentgenologist. 


LOWER IN COST! The large volume 
of x-rays Powers handles nationally 
enables us to cut overhead costs to a 
minimum for each individual project. 


EFFICIENT! Our 20 years of experi- 

ence in chest x-ray surveys from Maine 

to Texas have taught us to do the job 

quickly and effectively under many 
iverse conditions. 


FLEXIBLE! According to the spon- 
sor's requirements, Powers offers 
either the full-size roll paper method 
or the 70 mm shatelinswensenhie 
method — and operates either portable 
units or mobile units with generators. 


Our technical advi: service 
is available without obligation. 
Write before you plan a TB 
Case-Finding Project! 


POWERS X-RAY PRODUCTS. INC. 
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GLEN COVE LONG ISLAND N Y 


OF TUBERCULOSIS AND PULMONARY DISEASES 


POSITIONS AVAILABLE 
AND WANTED 


POSITIONS AVAILABLE 


STAFF PHYSICIAN: A modern, well equipped and 


210 bed tuberculosis hospital located in an 


statled 

ittractive mid-western city of 180,000. Applicant must 
‘ sober ndustrious and §=quahhed for Mich gan 
icense. Salary commensurate with qualihcations and 
experience. Box 141, American Review of Tuberculosis 
and Pulmonar ase 250) Madison Avenue New 
York 16, N.\ 


cn 


“Malar 


ical School Facult Appointment Wer 


Me« 
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(al prograt 


Io assist mecical director m carrying out 
Chest and Tuberculosis Hospital! 
S, depending on jualifwcations anc 
enet Must be eligible for Colorado Licensure 


opportuni for might person Write to 5 


esler, MDD. National Jewish Hospital Denver, Co 
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Present Concepts 
of Rehabilitation in 
Tuberculosis 
by NORMAN C. KIEFER, M.D. 


420 pages, cloth cover $4.50 


In this volume there is brought together 
for the first time, an accurate summary ol 
vorid research and achievement in every 
area of rehabilitation during the last decade 


More than 1,000 origina! papers are ab 
stracted in this book, and in every case the 
salent features of each have been brought 
together in classified sections to provide a 
complete pacture of approac hes procedures 


aryl re 


\ bibliography of more than 1,000 items 
supplies reference to basic sources, and a 
part cularly comprehensive index facilitates 


the location of specific information 
Your order can be filled promptly. 
NATIONAL TUBERCULOSIS 
ASSOCIATION 
1790 Broadway, New York 19, N. Y 
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another New use of ‘Thorazine’ 


in Surgery—IT HORAZINE”* 


calms the apprehensive and anxious patient 

facilitates induction and intubation 

potentiates analgesics and anesthetics 

controls nausea, vomiting, hic« ups and 
emergence excitement 

a valuable adjuvant in surgical procedures 


‘Thorazine’ Hydrochloride is available in 10 mg., 25 mg, 
50 mg., and 100 mg. tablets; 25 mg. (1 cc.) and §0 mg. (2 cc.) 
ampuls; and syrup (10 mg./§ cc.) 


For information write: 
Smith, Kline & French Laboratories 
1530 Spring Garden St., Philadelphia 1 


Reg US. Pat. Off. for brand of chlorpromazine 
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al ZQASZ..- you may put your own mind at ease 


as well as calm your patient when you prescribe 


Noludar 'Roche' as a sedative (or in 


larger dosage, as a hypnotic). There is 


little danger of habituation or other side 
effects, because Noludar is not 

a barbiturate. Available in 

50-mg and 200-mg tablets, 

and in liquid formy 

50 mg per teaspoonful. 

Noludar'* - brand 

of methyprylon. 

Hoffmann - La Roche Inc 


Nutley 10 ® N. Je 
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D 


teceived for publication April S, 1955 


INTRODUCTION 


Between July, 1953, and January, 1955, the Bureaus of ‘Tuberculosis and 
Laboratories, New York City Department of Health, carried out a study to 
determine the frequency with which streptomycin- and tsonimzid-resistant 
strains of Mycobacterium tuberculosis could be demonstrated in the sputum of 
patients with newly discovered and as yet untreated active pulmonary tuber 


culosis 


PLAN OF STUDY 


Selection of Material 


The professional personnel of all twenty-three chest clinics of the Bureau of 
Tuberculosis were instructed to send to the central laboratory two specially 
identified twenty-four-hour sputum specimens® for all patients presumed to have 
recently developed active pulmonary tuberculosis. The records of those patients 
for whom such specimens were received were then reviewed by one of the present 
writers for accuracy of diagnosis, history of exposure to tuberculosis, duration 
of disease, and the type of treatment® received. All patients who were registered 
as having active pulmonary tuberculosis and who, as far as could be determined 
had never received antimicrobial treatment for this disease were admitted to 


this study if they could be classified into one of the following two categories 


Newly po led case of active onary tuberculoss \ patient w sputugn 
specimen was received in the laboratory within a period of six months following 
the date when the diagnosis of active pulmonary tuberculosis was made for the first 


From the Bureaus of Tuberculosis and Laboratories, Department of Health, 125 Worth 
Street, New York 13, New York 


In many instances, only one satisfactor, specimen Was received 


4 For the purpose aot this report, all references to treatment will apply only to antimiero 


bial treatment (streptomycin or isoniazid 


af 
= 
time 
kf 
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eactivated case of pulmonary tuberculosis { patient whose sputum 


specimen was received in the laboratory) within a period of six months following 
the date when the diagnosis of a recent reactivation Ww uw made, and who was known 
to have had arrested or inactive pulmonary tuberculosis for a minimal period of one 


ear prior to the reactivation 


No attempt was made to correlate the clinical response of any of the patients 


to antimicrobial therapy with the degree of drug resistance of their organisms 


All of the patients included in this study were adults; a more detailed analysts 


of the age distribution of this series, however, was not made 


Laboratory Methods 
In most instances, the sputum was digested by the trisodium phosphate transport 
digestion method previous! desenbed (1 After digestion, an equal smount (0.25 mil ot 
onginal sputum concentrate was inoculated both on drugless media (control andl drug 


| been reported So For deter 


containing media, using the techniques which have alread) 


mining susceptibility to streptomyein, slants incorporating 10 10) and 1,000 5 of the 
10 and 5.0 


drug per ml. of medium were used: for isoniazid, slants incorporating 0 l 
of the drug per ml. of medium were ¢ mployed 
Culture and degrees of drug resistance were read in the manner previously noted (2,4 
using the following semiquantitative estimate of growth 
+ plus confluent growth 
plus heavy discrete growth, more than colonies 
2 plus bo 1M) colomes 
] plus M) to 100 colonies 
less than I-plus leas than 50 colonies, number of colomes reported as found 
RESULTS 


Kight hundred and ninety-eight patients were included in the study after 
screening a much larger number and eliminating those who did not fulfill the 
criteria for selection or who submitted inadequate sputum specimens Of this 
group, 610 represented newly diagnosed and reported cases of active pulmonary 
tuberculosis and represented less than 30 per cent* of such cases registered from 
the chest clinies during the period of investigation The 288 cases of recently 
reactivated disease were selected from an undetermined number of such cases 
seen in the clinies during the period of study 

The cultural findings of the sputum for the entire group of patients are pre 
sented in table 1. .M. tuberculosis was demonstrated by culture of the specimens 
of 385 patients (445 per cent Some growth of M. tuberculosis on drug-containing 


medium was observed in 43 instances, or in 11 per ce nt of the patients with posilive 


cultures. Instances of growth of tubercle bacilli in drug medium were slightly 


frequent among the newly reported than among the recently reactivated 


more 
CHSCs 

* This relatively low y» reentage Was due to: U administrative failure of personnel to 
’) failure of patients to submit specimens as requested; (3) con 


comply with instructions 
into the 


tamination or leakage of specimens submitted, Because the cases were accey 
helieved that these 898 patients were a representative sample of the 


study at random, it was 
.d from the clinies during the period of study 


entire group of newly diagnosed cases registere 


P 

| 
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TABLI 


rURAL FINDINGS ON AND COoNTAINID 


Merpta INocuLaTeED wrrn 
SPUTUM SPECIMENS UNvTREATED Newry Res 


RTED ACTIVE ANI 
Newry Re PIVATED Cases or Pt 


LMONARY TURBERCULOS! 
Department of Health ' ity of New York 


July 1, 1953 to January 1055 


Negative on drugle 
hum (control 

Positive on drugle 


dium (contro moo 


No growth 
contaiming 

Some growth 
contaming 


total 


Streptomyeciu 

Isoniazid alone 

Streptomvern and 


isoniazid 


stre proms 
em tart 

total 


Taste 2 
QQUANTITATIVE FinviINGs ON Mepium or 
385 Unrreatep Parients with Newsy 


cULOstS BY ABSENCE OR PRESENCE OF 


Discoverse Active Purmonany Tuner 
Any Growtn ON Containing Mepia 


(Juantitative Finding 


Total 145 
Newly rep 
Recently 
No growth on either strey 
contamimng ‘ 
Some growth on either strepton 
con 
Streptomye 
Isoniazid 
Hoth «tre 


| 
Type of Case Tota ; 
tie 4 
ISS 51S 70 
me 
my drug 
media 246 Me 
medin 
a a 
4 
“ 4 
bh) 4 
6.2 
IF. 
on Medium (Control 
Total 
Growth on Drug-Containing Media i+ and 44 + and 14 Less than 14 
Yumber Cent Cent yumber Cont Vurmber Cent 
103 
42 
0.4 
‘ 5 
> 


ops Recent tty Discoverep 


ov M. Tusercucost 


nat Finpines or 43 Paris 


DeraiLep OF 
Witom STRAIN 


Active 


Wene which 


own Daeg Meoium 


ANY GRowTH 


5 colotmes 
eolon 


1+ 
15 colomes 5 colonies 
| eobon 1+ 
colonies 
1 
§ colonies 


eolonies 


Lecently Heactivated 


colonies 4 colomees colomes 
colonies 2 eolones 0 
2 6 colonies 0 


Some rematance 


ie 7 Month and — Amount of Streptomycin Ir Amount of Isoniazid Incorporate ! 
Case N mber wrated nto Medium in 7 per M to Mediu er M 
4 Newly Keported Cases 
Ik i i+ ‘+ 0 
5 A ts colonies ” 
“A ; 0 
M in 5/54 5 colonies 
Some restance to 
4 ard alume 
EB 6/54 4 24 
6/54 14 14 wlonies 
eolony i colon 0 
6. ‘4 24 0 0 
6/5 14 0 
mN 12 colonies 0 
J Nu 0/5 ‘+ 6 colonies 0 0 
ond 
a 2/54 colonies colonies 0 
4 6/5 ‘+ 0 
seni 5/5 colonies 0 0 
2/54 5 colonies 0 0 0 0 
: mycin alone 
ww 0 
2 0 
red alone 
iW 
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rABLE 4 
DisTRIBUTION oF ¢ rekes Posrrive ror ISO UNrREATED I’, 
TIEN’ AccorpING TO o Suows wy THe lsotarep of 
M. Tt STREPTOMYCIN AND Isontazivp as py THe 


CONCENTRATION OF Drug Per of ox Toene Wa 


New|] 
ported 
fecentl] re 


wtivated 


Potal 


Phe semiquantitative findings on drugless medium (eontrol) for the entire 


group of 385 sputum cultures® are shown in table 2. Some degree of growth on 


drug-contaimmng medium was noted in 15.6 per cent of the specimens which 
showed 3-plus or 4-plus growth in the control tube. The specimens with less 
than I-plus growth in the control tube showed growth of tubercle bacilli in 6.6 
per cent when cultured on the drug-contaiming medium. This difference is of 
borderline statistical significance. In general, there was much heavier growth 
of tubercle bacilli from the sputum obtained from newly reported than from re 
cently reactivated cases. This, in part, may account for the proportionately 
smailer numbers of specimens from the latter group which showed growth on 


drug conutaming media (table | 
In table 3, the cultural findings are listed in detail, both for drugless and 
drug-contamimg media, for the 43 specimens trom Which strains of MW. tuberculosis 
were isolated which showed any degree of growth on a drug-containing medium 
Of the 385 positive specimens, 29 (7.5 per cent) contained strains of MW. tuber 
culosis Which showed some growth on streptomycin-containing medium and 24 
contained strains which showed some growth on isoniazid-con 


6.2 per cent 
In table 4 is indicated the distribution of all the 


taining medium (see table | 
sputum specimens positive for tubercle bacilli, according to the degree of re 
sistance shown to streptomycin and isoniazid as measured by the highest con 
centration of the drug which permitted any growth 

The number and percentage of patients whose sputum contained strains of 


M. tuberculosis displaying significant resistance to streptomyein and isoniazid 
* When both specimens from a single patient were positive for WU. tuberculosia, only the 


culture with the heavier growth was evaluated 


treptomy Resistance Resist 
ome (Growth trept Growth 
ny ta e Med ta Med 
Type of Posit Highest 
ghe Highest 
Containing pet ML. of Medium Conte per MI of Mediun 
ath Wa ee i,rowth Wa ec 
i 
a 
2. 
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TABLE 5 


Proportion or 385 Parrents Discoverev Active 
Wroskt ORGANISM SIGNIFICANT 


ro Srrepromycin On Tsontazip 


Streptomycin 
Isoniazid 


* Significant resistance to treptomyecin Any growth on 1,000.0 of streptomycin per 
mil. of medium of growth on LAL of streptomycin per mil. equiv silent to that on the 
eontrol tule 
Significant resistance to isoniazid: Any growth on 5.0 y of isoniazid per ml. of medium 
to that on the eontrol t ibe 


or growth on LO y of} miazid per ml. equivalent 


No patient had organisn 


which were significantly resistant to beth isoniazid and 


streptomycin 
t Of 285 ne wly reported patients (¢ celusive of LOO with reeently reactiy ited disease 

5 (18 per cent had tubercle bacill which were significantly resistan to streptomycin 

sand & (2.8 per cent had tubercle baelh whieh were significantly resistant to isoniazid 


are shown in table 5 For the purpose of this report, significant drug resistance 


Wits defined as follows 


Significant streptomycin esiatance: Any growth on 1,000 of streptomycin per mil. of 
medium of growth on LOO of streptomycin equiy slent to that on the control 
Significant isoniazid resistance Any growth on 5.0 y of isoniazid per ml. of medium or 
growth on 10 of isoniazid equiv slent to that on the control 


a total of 6 patients (1. per cent) of those with positive 


Using these criteria, 
to streptomycin, and 9 pa 


tubercle bacilli significantly resistant 


cultures had 
isms significantly resistant to isoniazid, Among 


tients (2.5 per cent had organ 
the 134 patients whose specimens yielded a 
had organisms significantly resistant 


3-plus or 4-plus growth on the drug- 


lews medium, 3 (2.2 per cent to strepto 


mycin and 4 (3.0 per cent 
In no instance Wis a4 strain of V 


had organisms significantly resistant to isoniazid, 


tuberculosis isolated which was significantly 


resistant to both drugs 

Among the 43 patients with strains 
growth on drug-contaming medium, there were 5 with a history of exposure to a 
active tuberculosis. Accurate details concerning the 


source CaSeCs could not he obtained. 


of tubercle bacilli which showed any 


previously treated case of 


type of treatment given to these possible 


DISCUSSION 


Even though streptomycin has now been used in the treatment of tuberculosis 


for almost ten years, per cent of the 


it was encouraging to find that only 1.6 
isolated from untreated patients were significantly 


strains ol V tuberc ulosis 
This finding is essentially in agreement with 


resistant to streptomycin miro 


148 

Quantitat Findings on Control Tube 

Patient 145 Patient Patient 

Was Dem trated 

if nhber Per Cent Number Per Cent Number Per Cent’ Numix Per Cent 
07 2 1.4 6 1.6 

q 

4 
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that of Cummings and Livings among recently hospitalized and previously 
untreated patients (4 

With isoniazid, too, the results were encouraging. In spite of widespread use 
of this drug for both hospitalized and unhospitalized patients since its intro 


duction approximately three years ago, only 2.3 per cent of the strains of VM 


tuberculosis isolated from untreated patients showed significant primary re 
sistance to isoniazid in vitro 

None of the patients in this series had tubercle bacilli significantly resistant 
to both streptomycin and isoniazid, as was recently observed in a case reported 
by Katz, Storey, and McCormick (5) 

It can be concluded, therefore, that, while strains of tubercle bacilli resistant 
to streptomycin and isoniazid can be demonstrated in the sputum of a small 
number of chest clinic patients with newly discovered and untreated active pul 
monary tuberculosis, this does not, at present, represent a serious public health 
problem To what extent primary drug resistance will become a problem in the 
future can be decided only by a continuous and more intensive type of study to 
include recently admitted hospital patients as well as clinie patients with newly 
discovered and as yet untreated active tuberculosis. Such an investigation is 
currently being conducted by the present writers in cooperation with the United 
States Public Health Service and will be the subject of future reports 


SUMMAKY 


Between July, 1953, and January, 1955, tubercle bacilli were isolated from 
385 chest clinie patients with newly discovered and untreated active pulmonary 
tuberculosis. The patient-strains of tubercle bacilli were tested for susceptibility 
to streptomycin and isoniazid by the direct method. In 342 patients (SY per 
cent), the strains isolated were completely susceptible to both streptomycin and 
isoniazid. Of the 43 patients (11 per cent) from whom strains were isolated which 
showed any degree of resistance to either drug, only 6 (1.6 per cent ot the total 
had strains significantly resistant to streptomycin and only 9 (2.3 per cent of 
the total) had strains significantly resistant to isoniazid. None of the patients 


had organisms which were significantly resistant to both drugs 


SUMARIO 


Enfermos con verculoaia Pulmonar Activa Recién De thier No Tratada 


bint re julio de 1954 enero de 1955. se aislaron bacilos tuberculosos de 385 enfermeo 

una clinica tordcica que tenian tuberculosis pulmonar activa recién desculierta 

tada. microbios fueron comprobados por el método directo en cuanto a susceptibali 
dad ila estreptomicina ln isomiacida ben 342 enfermos SU por erento lan Cepas 
eran totalmente susce | tibles tanto a la estreptomicina como a la isoniacida. De los 43 
enfermos (11 por ciento) de quienes se aislaron cepas que mostraban algdn grado de re 
sistencia 4 una u otra droga, sélo 6 (1.6 por ciento del total) tenian cepas apreciablemente 
resistentes a la estreptomicina y s6lo 9 (2.3 por mento del total) tenian cepas apreciable 
mente resistentes a la isoniacida, segdn se define en este estudio. Ninguno de los enferme 


tenia microorganismos que fueran apreciablemente resistente i ambos drogas 
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ME 

Prédominance de streplomycine ef chez des 

matlade atteint pulmonaire a tive récemment découverte et non travlee 

juillet 1953 et janvier 1055. des bacilles tuberculeux ont ete isolés chez 384 mala 
stteints de tuberculose pusmonaire 


de ces 


des de dispensaire cle qui étarent 


yones respi stores 
t non traitée. La microorganismes 
ététestée par la meé thode directe. Chez 4 


streptomyecine 
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jsoniazide a 12 patients 
et 


présentaent une s¢ neibilité compléte pour la 


A le streptomycin etal 
80%), les souches 
Visoniazide. Parmi les 445 patient 11%) chez lesquels on avait isolé des souches montrant 
ces composés, chez 6 seulement (soit 
significative A la streptomycine 


résistance significa 


différents degrés de résistance a l'un ou A lautre de 
ite) «ke ouches présentant une résistance 
des souches présentant une 


1.6% de total 
La présence de bacilles 


eoit 23% de la totalité 
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INFECTION WITH DRUG-RESISTANT TUBERCLE BACILLI 
FREDERICK BECK 
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INTRODUCTION 


Soon after streptomycin was first used in the treatment of tuberculosis, if 


ident that strains of tubercle bacilli resistant to this drug emerged 


became 
was feared that 


rapidly, especially in patients with cavitary disease. Because it 
the spread of streptomyecin-resistant tubercle bacilli might become a seriotis 
public health problem, a study was begun in 1048 of the drug susceptibility of 


bacilli recovered from patients with newly diagnosed tuberculosis. As para 


aminosalievlic acid (PAS) and isoniazid became available, the susceptibility of 


the patients’ bacill to these chemotherapeutic agents was likewtse determined 


In this way, it has been possible to determine the incidence of infeetion with 


drug resistant tubercle bacilli and, in addition the data obtamed have led to a 


better understanding of the clinieal course of individual infections and have 


served as a guide to therapy 
The first published reports of isolated cases of infection with streptomyem 


resistant tubercle bacilli were made separately (1, 2); both patients were hos 


pitalized employees whose tuberculosis was diagnosed in 1047. Reports of series 


of cases of infection with drug-resistant bacilli followed subsequently 3,4), and 


an excellent summary of the literature on the subject has appeared recently in 


the New England Journal of Medteine (5 
Since 1948, approximately 600 patients with newly diagnosed tuberculosis 


have been admitted to this hospital and it was possible to culture tubercle bacilli 
from approximately SO per cent of the group. Drug susceptibility studies re 
vealed that 10 (approximately 2 per cent) of these patients had been infected 
with drug-resistant tubercle bacilli. These cases are presented, with their manage 


ment and course mm the hospital because of certain unusual features 


REPORTS 


(ase d male, became a tuberculosis hospital employee in August, 1949 
at which time stuberculin reaction was negative In Ma 10500 he had an ipper 
respirator in of the putum at that time revealed tuberele bacilh 


Pwo subsequent sputum 
that the organisms w resi 


sitions aleo vielded eultures of tubercle wilh Drug su 


ceptibilit tant? to of streptomyen 
per ml. and sts o PAS. The tuberculin vas repeated and was positive. Roent 


f wm « this time and on s sequent examination failed to reveal 


genograiis 


definite lesion 


From the row ‘ losis Hospital, Ra ook, New York 
Strains vere considered to be drug resistant when they grew a 
in the presence of 0 o | 


on used in the re peetive snus either lO or 100 


drug. The gre 
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due 


was kept under medical supervision for a year with treatment 


The patient 
after working hours. He has 


limited to moderate restriction of physical activity 


remained well. This hospital employee was undoubtedly infected with strepto- 


mvecin-resistant tubercle bacilli during the course of employment. 
Case 2. F. N., an 18-year-old male had a history of contact with a sister who received 
in a hospital in New York City. ¢ hest roentgenograms of July and 


streptomycin therap 
19%), revealed pulmonary disease and 


November, 1045, were negative but a film of January 
the sputum cont sined tubercle bacilli. He was sdmitted to the hospital in March, 199 
aled that his bacilli were resistant to 100 


Study of the admission sputum specimens reve 
wtreptomycin and 


and susceptible to PAS. He was pl sced on dihydre 


of etreptomycin per mil 
snd on PAS alone from November 1990, until dis 


PAS daily from April to August, 1950 
sospital for soet il reasons in March, 1951 

The clinieal course was marked by slow and gradual improvement The bacillary content 
ved so that the final specimen was negative for acid-fast 
the chest revealed no particular 


eharge from the | 


of the sputum gradual! diminist 
Roentgenograms of 


bacilli on microseopie examin ation 
sitalized elsewhere on May 22, 1051 


the patient was hos, and received 
1052. when the medication was changed to 1 


revealed that 


clearing. Subsequentl) 
streptomycin and PAS until April soniazid, 
1053. A roentgenogram of January 1953 


which was continued to February 
i been negative for tubercle 


lence of cavity and the sputum hac 


there was no longer any evi 
104 he was considered to have 


bacilli by all methods since February, 1952. As of January 
minimal arrested disease snd to be able to work six hours daily 


It. is believed that the history of contact with a family member treated with 
streptomycin was of significance in this case and that the patient developed 
pulmonary tuberculosis caused by streptomyecin-resistant tubercle bacilli. 


Case 3.M. bk. G » 22 year-old female had a history of contact with a husband who had 
died of tuberculosis in Septe mber, 1040 
1948, was normal but during the following 1 
1048. revealed evidence of pulmonary 


ifter treatment with streptomyein, A « hest roent 


genogram of July ronths, the patient developed 
a productive cough, and films taken in November, 
disease. The sputum wae positive for acid-fast bacilh She was admitted to this hospital 
149. Thoracoplasty was performed in May 


because ¢ hemotherapy was contem 


drug-susceptibility studies were ¢ irried out in February, 1951. The bacilli were 
isusceptibleto PAS She was tre ated 


in Februar) 19%). The sputum continued 
positive for tubercle bacilli after the thor icoplasty and 
plated 
of streptomycin per ml. an 
of PAS daily for a tot sl of one year Tubercle bacilli 
\ segmental 


found to be resistant to Ww 
of streptomyein and 12 gm 
putum three months after the start of hemother py 
1951. Bacteriology of the resected 
and susceptible 


with gm 
disappe sred from the 
left upper lobe was performe din October, 
bacilli resistant to 100 > of streptomycin per mil 
February, 1952, and has been 


resection of the 
material vielded tuberele 
to PAS. The patient was disch urged from the hospital in 


followed regularly in the outpatient elinu 


It ix believed that this case represents an instance of a tuberculosis infection 


presumably acquired from the husband 
i positive tuberculin test in 1040 


old fem stated that she had 


Case 4 
Her only known contact with tuberculosis was occupation il, during 


while a student nurse 
chest roentgenogram oft September 1050) 


work in tuberculosis hosput als was normal but 
another film in September, 1951 
ferred to this hospital for admission in Or tober 
bacilli, in March, 1952, resulted from intensive sputum examinat 
and susceptible to PAS. She left the hospital in 


revealed evidence of pulmonary disease and she was re 
1951. Only one culture positive for tubercle 
ions. The bacilli were 


resistant to 10 7 of streptomvem per mil 
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June, 1952, to stay at home under the care of her private physician. She did well until 
September, 1954, when there was roentgenographic evidence of an exacerbation of her dis 
ease. She was then treated with PAS and isoniazid and, to date, it ippears that healing of 
the disease has been excellent 


The evidence suggests that this patient was infected with drug-resistant tu 
bercle bacilli with resulting pulmonary tuberculosis as a consequence of exposure 
in the course of her employment. 


Case 6. HU. 1L., a 43-vear-old male, had positive skin reactions to both tuberculin and histo 


plasmin at the start of employment in a tuberculosis hospital in May, 1951. A roentgeno 
gram of the chest showed a small, calcified nodule at the base of the right lung. This might 
have been due to either tuberculosis or histoplasmosis. A film taken in September, 1952 
showed new infiltration in the right apex, and subsequent planigrams revealed evidence of 
cavitation in this area. The sputum was positive for tubercle bacilli, and drug- suscepti 
bility studies revealed resistance to 10 4 of streptomycin and PAS per ml. and susceptibility 
to isoniazid. The patient was treated at home under the care of a private physician on a 
regimen of rest and streptomycin two to three times per week and 300 mg. of isoniazid daily 
Although it was suspected that he was not too conscientious in taking his medication, there 
was roentgenographic evidence of slow but gradual improvement, and the sputum became 
negative for tubercle bacilli in January, 1953, and continued so. In the summer of 19)4, the 
patient developed evidence of cirrhosis of the liver and died of this condition in October 
1054 


The evidence suggests that this patient was infected during employment in a 
tuberculosis hospital with tubercle bacilli which were resistant to both strepto 
mycin and PAS 


Case 6. The patient, P. M., was a male medical student, aged 21, whose first tuberculin test 
early in 1952 was positive. During that summer he worked in the Pathology Department, 


assisting at autopsies. In September, 1952, a chest film revealed presumably tuberculous 


disease at the left Apex ind culture of the gastric contents was positive for tubercle 
bacilli. The patient was admitted to this hospital in October, 1952, and, during the first two 
months of hospitalization 1 sputum specimens \ ielded tubercle bacill on culture Drug 


Sime eptibility tests revealed that the bacilli were resistant to 10 of streptomycin per mil 


but susceptible to PAS and isoniazid. Chemotherapy was started in Januar 1053; the 


regimen was | gm. of streptomycin three times weekly, 12 gm. of PAS daily, and 125 mg. of 
isoniazid three times daily. The sputum “converted” after one month and has continued 


to be negative for tubercle bacilli since that time. In July, 1953, the apical posterior segment 


of the left upper lobe and two nodules in the adjoining lung were removed. Bacteriologic 


study of the resected material revealed tubercle bacilli by mix roscopy, but cultures were 


sterile. Chemotherapy was continued until February, 1954, and the patient was discharged 


four months later. He has remained well and has returned to his studies 


It is believed that this case represents the acquisition of a drug-resistant tuber 


culous infection while the patient was assisting at post-mortem examinations 


(‘ase 7 J 


1953. A roentgenogram taken after ten days because of failure to improve showed evidence 


ID , & MW) yveur old male contracted an upper respiratory infection in he bruary, 


of bilateral miliary tuberculosis. He was admitted to this hospital in March, 1953, acutely 
ill and confused. Other significant abnormalities were limited to some tubercles in the left 
retina and a small nodule in the prostate. Pretreatment sputum specimens were positive 
for tuberele bacilli, and drug susceptibility studies revealed resistance to 10 y of strepto 


mycin per ml. and susceptibility to PAS and isoniazid. Tubercle bacilli recovered from the 
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- 


154 FREDERICK BECK 


urine and blood at this time were resistant in the same degree to streptomycin The patient 
was put on a daily regimen of streptomycin, 2 gm PAS, 12 gm.; and isoniazid, 0 mg 
und there was marked clinical improvement after four dave. Tubercle bacilli were not 
recovered from the sputum or urine after April, 1953. Streptomycin was reduced to | gm 
daily in May, 1953, and PAS had to be diseontinued in March. 1954, because of a skin rash 
Phe patient left the hospital against medi sl advice in July, 1954, and discontinued drug 
therapy. At the time of discharge, the chest roentgenogt ums could be interpreted as showing 


no pulmonary disease He has continued well and is able to work 


The source of tuberculous infection in this case 1s unknown. There is no 
history of family or other exposure to tuberculosis. His home is in a rural com 


munity in northern New York 


Case &.G.V., a 2) year old female, gave a history of recent dietary treatment for obesity 
The weight dropped from 189 pounds to 106 pounds In June, 1953, she noted the onset of 
fatigue, productive cough, sweats and fever. Roentgenograms of the chest taken as part of 
a complete physical evaluation revealed evidence of pulmonary disease, and the sputum 
was positive for tubercle bacilli, There was no known contact with tuberculosis. She was 
admitted to the hospital in July, 1954. Sputum specimens obtained at this time contained 
tubercle bacilli, and she was treated promptly with a combination of dihydrostreptomyecin 
1 um. three times weekly, and 250 mg. of ison izid daily. Shortly thereafter the pretreatment 
drug susceptibility tests revealed that the bacilli were resistant to 10 > of streptomycin per 
mi. As a consequence, 12 gm. of PAS were added to the daily medication, All sputum exam 
inations have been negative since one month after chemotherapy was begun. Her elinical 
course has been excellent The patient remains in the hospital and roentgenograms of the 


cheat show marked resolution of the disease 


In this case the source of infection with resistant bacilli is unknown. As in the 


previous case, the patie nt’s home was in rural New York 


Case 9D... a 22-year-old male, was admitted to the hospital in October 194. Although 
he admits no known contact with tuberculosis he worked on the psychiatric ward in 4 New 
York City ho pat il from October, 1952, to March, 1953. In the summer of 1954, he deve loped 
malaise, and a roentgenogram of the chest, obtained in September, showed evidence of 
wtive tuberculosis He was referred to this hospital in October The sputum cont uned 
tubercle bacilli which were found to be resistant to 10 + of both streptomycin and PAS 
per ml., but susceptible to ison wid. Prior to the final reading of the drug -suses ptibility 
texts, the patient was placed on streptomyein, | gm three times weekly; PAS, 12 gm. daily 

and isoniazid, 300 mg. daily. In view of the drug resistance and because he was not tolerating 
PAS well. medication was changed to viomyein and isoniazid. He continues acutely ill and 
the course to date has not been favorable. In January 1955. it was found that the patient's 


bacilli had become resistant to 10 5 of isoniazid per mi! 


Although this patient denies any known contact with tuberculosis, his resi 
dence in New York City and his work in a hospital would seem to have afforded 


ample opportunity for acquiring infection with drug-resistant tubercle bacilli 


Case 10.1. G.. a 2 vear-old male, hada chest survey film inJune, 1048, which showed bilat 


eral upper lobe disease, A roentgenogram of the chest in the outpatient clinic in September 
14S, revealed sumilar sbnormalities. There was no known contact with tuberculosis, but 
the history revealed an illness in 1045 whieh had been diagnosed “‘pneumonia.’’ The patient 
was admitted to the hospital for study 


The patient's cutaneous reaction to 10 mg. of Old Tuberculin (OT) was negative. Re 


peated sputum examinations ind bronchoscopic specimens were all negative for tubercle 
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bacilli and fungi. Examination of a lymph node biopsy specimen showed chronic nonspecitiv 
infection. The patient gained weight rapidly after admission to the hospital. In December 
1948S, acid-fast bacilli were found in the sputum and the tuberculin reaction became positive 
A chest roentgenogram at this time showed a slight increase in pulmonary infiltration. The 
sputum continued intermittently positive for acid-fast bacilli and, in September, 1949, a 
left anterior chest wall abscess deve loped ind the drainage contained tubercle bacilli 
Chemother py was instituted in Oetober, 1949; the patient received 1.5 gm. of streptomycin 


and 12 gm. of PAS daily for three months and, after an interval of six weeks, PAS alone for 


almost eight months 
Pretreatment studies of tubercle bacilli recovered from the sputum in September, 1049 


revealed that the organisms were resistant to 100 » of streptomycin per ml. and susceptible 


to PAS. Tubercle bacilli subsequently isolated from the sputum, urine, chest wall drainage 
and pus from the nght epididymis showed the same degree of resistance to streptomycin 
The patient did well and was disc harged from the hospit il in December, 1050. He wae re 
admitted in June, 1952, because of a left epididymitis. The sputum was negative for tubercle 
bacilli but organisms isolated from the urine were streptomycin-resistant and PAS sus 


ceptible. In July, 1952, he developed symptoms of meningitis which was thought to be 


tuberculous although tubercle bacilli were not found in the cerebrospinal fluid. Treatment 
with streptomycin, PAS, and isoniazid was begun immediately; within the week, however, 


Cryptococcus neoformans were identified in the cerebrospinal fluid and sulfonamides were 


added to the medication. These organisms were isolated twice from the cerebrospinal fluid 
and from the sputum on several occasions during this period. The patient showed gradual 


improvement. The left epididymal sinus healed slowly, and after two months all urine 


cultures were negative for tubercle bacilli. The patient was discharged from the ho pital in 
August, 1953. He has continued well and is able to do light work 


In summarizing this case, it is conceivable that the pulmonary lesion for which 
the patient was hospitalized in 1948 was due to eryptococcosis and that he later 


acquired infection with streptomycin-resistant tubercle bacilli 


DISCUSSION 


Since 1948, infection with drug-resistant tubercle bacilli has been observed in a 
very small proportion (approximately 2 per cent) of the patients from whom or 
ganisms could be recovered for study on admission to the hospital with newly 
diagnosed tuberculosis. The histories in 8 of the 10 cases revealed ample oppor 
tunity for infection with resistant bacilli; in only 2 cases was the source of infec 
tion unknown. Six of the infections were undoubtedly acquired in hospitals, 
four of these in tuberculosis hospitals. The tubercle bacilli were primarily re 
sistant to streptomycin in 8 cases and to both streptomycin and PAS in the 
remaining 2 cases 

Thomas and associates (3) reported a group of nine cases; in four, the bacilli 
were resistant to streptomycin; in another four, to PAS; and, in one, the bacilli 
were resistant to both of these drugs. In an addendum to their report, the writers 
recorded six additional cases of primary infection with PAS-resistant tubercle 
bacilli. Thus far, the present writer has seen no case of infection with bacilli re 
sistant to PAS alone 

Cummings and Livings (4) carried out streptomycin-susceptibility tests on the 
cultures of 1,166 patients admitted to Veterans Administration hospitals who 
had no history of previous drug therapy for tuberculosis. Thirty patients (2.6 
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per cent) were found to harbor tubercle bacilli resistant to 10 y of streptomycin 
per mil.; a history of contact with tuberculosis was given by seventeen of these 
In nineteen of twenty-six patients who received chemotherapy, the disease re- 
sponded favorably to treatment with a combination of streptomycin and either 
PAS or isoniazid. One additional patient's disease responded well to strepto- 
mycin alone 

Nine of the patients in the present report were treated with a combination of 
streptomycin and PAS or isoniazid, or with all three drugs, and all except one 
had a satisfactory clinical and roentgenographic course. Two patients had 
resectional surgery. A good result from chemotherapy and hospital care was 
obtained even in miliary tuberculosis (Case 7) and in a patient with extrapul- 
monary tuberculosis and cryptococcus meningitis (Case /0). It is not surprising 
that the patient whose course was unsatisfactory represented one of the two cases 
infected with bacilli resistant to both streptomycin and PAS. This is also the 
only case in the series in which the tubercle bacilli became resistant to another 
drug (isoniazid) after chemotherapy. 

The ultimate outcome of these cases is not yet known; nor can one be certain 
that the patient's disease benefited from the administration of the drug to which 
the bacilli showed resistance. Nevertheless, some benefit might be expected if 
the patient harbored a mixture of susceptible and resistant organisms. It would 
seem most likely that the good results were mainly due to the drugs to which the 
bacilli were susceptible and to the period of hospital care, although the first case 
in this group did well without chemotherapy, as did the case reported by Furtos 
and Doane (1) 

In the light of present knowledge, it is concluded that the incidence of infec 
tion with drug-resistant tubercle bacilli will become even more infrequent in the 
future as a result of multiple-drug therapy and surgical procedures, both of which 
tend to hinder the emergence of drug-resistant strains of tubercle bacilli. In spite 
of the low frequency of infection with drug-resistant organisms in newly diag 
nosed cases of tuberculosis, it seems wise to continue such drug testing in order 
to identify such an infection promptly. Furthermore, the availability of several 
chemotherapeutic agents makes effective treatment of these patients less difficult 
than was anticipated when only one or two antituberculous drugs were available, 


SUMMARY 


Ten cases of pulmonary infection with drug-resistant tubercle bacilli are 
reported following a five-year study of 600 cases of newly diagnosed tuberculosis 
The presumptive source of contact could be established in all but 2 of these. The 
strains of tubercle bacilli were primarily resistant to streptomycin in 8 patients 
and to streptomycin and para-aminosalicylic acid (PAS) in 2 patients. One 
patient did well without chemotherapy and 8 made satisfactory recoveries after 
multiple-drug therapy which included streptomycin. Only the tenth (and most 
recent) patient has an unfavorable outlook. It is concluded that, while infection 
with drug-resistant tubercle bacilli occurs in a small percentage of cases, it is not 
likely to become a serious public health problem. It is further concluded that the 
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majority of the patients infected with bacilli resistant to an entituberculous drug 


can, nevertheless, be treated successfully 


SUMARIO 


Infeccion por Bacilos Tuberculosos Farmacorresistentes 


Describense 10 casos de infecewn pulmonar por bacilos tuberculosos fArmacorresistentes 
observados en un estudio de 600 casos de tuberculosis recién diagnosticada en un pe riode 


de eimeco anos kn todos los casos, menos 2 pudo establece rae ¢ l force pre suntive de contacto 


Las cepas de bacilos tuberculosos eran primariamente resistentes a la estreptomicina en S 


enfermos y a la estreptomicina y al deido para aminosalicilico (PAS) en 2. Un enfermo lo 


pasé bien sin quimioterapia y 8 sanaron satisfactoriamente despues de una polifarmaco 
terapia que comprendié estreptomicina. Unicamente el décimo (y més reciente) entermo 
tiene un pronostie o desfavorable Dedicese que mientras la infeeciin por bacilos tubercu 
losos fArmacorresistentes no afecte mas que aun pequeho porcent aje de los casos, no es 
susceptible de convertirse en problema sanitario de gravedad Deddcese ademas que a ln 
mayoria de los sujetos infectados por bacilos resistentes a una droga antitubereulosa, puede 


sin embargo, tratdrseles con éxito 


KESUME 


Infection par ba illes tuberculeus résiatants aus antibactériens 


Rapport relatif A dix eas d’infection du poumon par des bacilles de Koch résistants aux 
agents antituberculeux au cours d'une étude de cing années d'observation de 600 cas de 
tuberculose diagnostiquée précocement. La source présumée de la contamination a été 
établie dans tous les cas sauf 2. Les souches de bacilles tuberculeux initialement résistantes 
& la streptomyecine ont été découvertes chez 8 patients, et a la streptomyecine et a lacide 
para-aminosalieylique PAS) chez 2 patients. L’amélioration a été obtenu sans chimio 
thérapie chez un patient et S patients ont présenté des guérisons satisfaisantes apres un 


traitement antibactérien combiné comprenant la streptomycine. Seul le dixiéme cas (le 


plus récent) présente un pronostic défavorable ien conclusion, existence d'un faible pour 
centage de cas d’infection par des bacilles résistants aux antibactériens ne paralt pas devoir 
constituer un sérieux probléme d’hygiéne publique. L’auteur conclut également que la 
majorité des malades infect és par des bacilles résistants aux agents antituberculeux peuvent 


étre néanmoins traités avee succes 
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INTRODUCTION 


According to Laennec, when an area of tuberculous matter undergoes lique 


faction and establishes communication with a bronchus so that the contents 


can be emptied out, a cavity is formed. There has been a tendency to think of 
as being an essentially stereotyped pathologic lesion, 


the tuberculous cavity 


If a large number of surgically extirpated lungs 


eaper mally as seen at autopsy 
are reviewed, however, it soon becomes evident that many gross and microscopic 


the tuberculous cavity warrant careful study and description 


variations of 
Auerbach and his co-workers (1-3) were among the first to deseribe anatomic 


changes in the tuberculous lesion attributable to the administration of strepto 


mycin. Undoubtedly, other agents that are used today in addition to, or instead 


a similar effect: nevertheless, there is some reason to 


of, streptomycin have 
believe that isoniazid may be largely responsible for the unusual type of cavity 
\ considerable variation in the pathologic 


healing termed “open healing.” 
lesions seen in surgically resected lungs is to be expected because the disease 


process is interrupted at different stages of healing, whereas autopsy specimens 


usually present the pieture of terminal disease 


OBSERVATIONS 


The present study consists of a review of 335 consecutive cases of pulmonary 
1, 1950, and July 1, 1954 In 240 cases 
1, the 


tuberculosis studied between January 
of this group, cavitation was evident in the resected specimens. In figure 


ratio between cavitary and nonecavitary lesions for each year during’ the five 


and one-half years is graphically presented 


Vethod 


removal by 


The surgically resected segments, lobes and lungs, were fixed soon after 
filling the bronchial tree with Kaiserling I solution under slight pressure so as to distend 


ize comparable to their natural inflated state. This method of handling 


the lungs to a 


has considerable merit because it rapidly and uniformly fixes the tissue, 


ind makes possible maximum color restoration if 


preserves the configuration of cavities 


the Kaiserling method is carried to completion 
the lungs were sectioned into thin slices 


Some time after treatment with Kaiser 
05to 10 em. in 


ling I (twelve hours or longer 
thickness) and the pathologie changes were correlated with the preoperative roentgeno 
grams. Representative sections were taken and stained with hematoxylin and eosin. In 
many sections were stained with Masson trichrome and Zieh! 


the cases of open he sling ‘ 


Neelsen stains 
An attempt was made to classify the different 


types of cavitary lesions, taking into 


From the Municipal Tuberculosis Sanitarium, Chicago, Hlinois 
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TABLE 2 


Or THe Vantous Tyres or Cavities 


I Single A pienl Spherienal Necrotic Thin very Some endobron 
shaggy little fibro dated chites 
sis 
il Single A pieal Spherical or Granular to Thick Com Some endobrot 
irregular shaggy marked fi pressed chitie to bron 
brome fibromes cloectass 
it Single ot Usually api Spheneal Smooth Thin; fibrous | Uninvolwed No significant 
multiple eal glistening change 
IV Multiple ve Irregular Necrotic, Variable Prneumenic Some endobron 
involve shaggy involve chitia to bron 
ment ment chirectass 
V Usually Upper lung Irregular Cranular Thin; fibrous Uninvolwed Little change 
mingle field 


In 45 eases, material was aspirated from the bronchial tree prior to fixation and this 
aspirate was examined by stained smear, culture, and/or animal innoculation (table 2 
Inasmuch as the primary interest was in the anatomic and morphologic changes, it was 
considered impractical to mutilate the lung in order to carry out bacteriologic studies 


directly from the lesions 
The classification of the various types of cavitary lesions was based on their gross char 


acteristics, and the principal features of each type are listed in table 2. The microscopic 


findings, roentgenographic interpretations, antimicrobial, and adjunctive collapse ther 


apy of each group are given below 
Thin-Walled Cavities 


‘Twenty-six (10.8 per cent) lesions showed thin-walled cavities, and the type 
of cavity seen is shown in figure 2b, There was a necrotic lining with little or no 
fibrous reaction apparent in the wall, and the parenchyma adjacent to it was 
consolidated due to atelectasis or pneumonitis. Microscopically, the cavity 
was seen to be lined by some acute inflammatory cells and necrotic debris 
Beneath this a disorganized layer of fibroblasts, chronic inflammatory cells, an 
occasional giant cell, and a few blood vessels were present. The adjacent lung 
parenchyma was the seat of an organizing pneumonia and atelectasis. A review 
of the roentgenograms showed a persistent thin-walled cavity which became 
apparent a few months prior to surgery and increased in diameter at a rapid 
rate. The thin-walled cavity in the left upper lobe is illustrated in figure 2a 
A right pneumothorax was maintained from May, 1946, to January, 1048. The 
patient underwent a right thoracoplasty in May, 1950, and pneumoperitoneum 
was initiated in July, 1951, and abandoned just prior to the resective surgery 
The patient received dihydrostreptomycin and PAS from August 4 to October 
22, 1948, and again from May 23 to July 25, 1950, for a total of four and one 
half months. PAS alone was administered from March 12 to October 28, 1951 
A segmentectomy of the left upper lobe was performed on October 28, 1951 


Thick-Walled Cavities 


As one would expect, the group of thick-walled cavities comprised the ma 
jority of the lesions seen. As shown in table 1, 169 (66.5 per cent) of the total 


‘ 
| 
j 


Fic. 2a. (J. V.) Thin-rimmed cavity wall noted in the periphery of the left upper lobe 
Evidence of the right thoracoplasty is seen. This picture was taken one week prior to 
segmentectomy 


Fic. 2b. (J. V.) Thin-walled eavity in the apical posterior segment of the left upper 


lobe. Note the absence of fibrous tissue in the wall and the narrow rim of consolidated 


parenchyma about the cavity 
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Roentgenogram taken two days prior to pneumonectomy patient 


did not receive any collapee therapy 
J) Left lung showing a chronic eavity in the apex with marked prolifera 
tion of fibrous tissue and a heavy pleural cap There is a thin necrotic lining. A second 


eavity is seen off the hilus 


lesions showed cavitation ol this sort The SUPZCOTS elected to do a lobectomy 


for this type of lesion in approximately one-half of the patients (table 1). Figure 
Sb is a typical example of a chronic thick walled apical cavity. Grossly, there 
was a necrotic lining coating a vaseular layer of granulation. A heavy fibrous 
wall surrounded the cavity, with compression of the adjacent lung parené hymna, 
and there was marked pleural thickening. Microscopically, the cavity was lined 
by necrotic material with a few inflammatory cells. Beneath this lining was a 
fairly well-organized fibrous tissue layer which had many lymphocytes scattered 
throughout. There was a paucity of giant cells and, toward the periphery, 
the fibrous tissue was very compact and hyalinized. The bronchi in the viemiuty 
showed marked bronchiectatic change 

Serial roentgenograms showed evidence of cavitation for eleven months prior 
to surgery; the film taken the day before surgery ts illustrated (figure Sa). This 
patient received dihydrostreptomyeimn and PAS for ten and one-half months 
from April 27, 1950, until the left pneumonectomy was performed on March 14, 
1951 

Cavities Showing “Open Healing” 
Twenty-three of the lesions (9.6 per cent) showed the unusual and intriguing 


type of healing designated “open healing.”” Grossly the lining membrane was 
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Fia. 4a. (L. | Huge cavity in the upper portion of the left chest. Admission film (Feb 


ruary 27, 1953) showed evidence of cavitation. Pn umopertoneum Was instituted on Au 


gust 12, 1953 


Upper portion of the left lung showing a huge thin-walled cavity with a 


smooth lining and several trabeculae coursing through it. A striking example of “open 
healing.”’ 
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amooth and glistening and, in many instances, it was transparent (figure 44 
In 7 of the 23 lesions, small granulations and/or ulcerations were seen in some 
areas. These foci were considered “unhealed,” as will be described later. By 
and large, the majority showed only a thin fibrous wall, and the adjacent lung 
showed no specific alteration. Representative microscopic sections from these 
cavities revealed a monotonous picture of a dense fibrous tissue wall with some 
hyalinization and a few seattered lymphocytes. Occasionally, an area of calcifica 
tion was noted and single or aggregate atypical giant cells were seen. Some of 
these giant cells contained laminated, dark purple material not unlike Schaumann 
bodies seen in sarcoidosis. The areas of yellow granulation mentioned above 
were atypical tubercles, with variable degrees of necrosis, a few epithelioid 
cells, atypical giant cells, calcification, and fibrous tissue. The ulcerated areas 
represented granulation tissue or loosely arranged and disorganized young 
fibrous tissue. In both instances, there was always a fairly heavy wall of com 
pact fibrous tissue beneath the lesions, and some of the yellow granulations 
were covered by a sparse layer of fibrous tissue 

Several blocks of tissue from each cavity were processed, and sections from 
different levels in each block were stained for acid-fast bacilli, but none were 
found. Practically all of these cavities had a demonstrable communication with 
one or thore bronchi: however, the bronchi did not show any unusual change 

These lesions were differentiated from emphysematous bullae or bronchiectatic 
cavities on the basis of serial preoperative roentgenograms, lack of Accessory 
bronchial structures, paucity of anthracotic pigment, anatomical location, 
et cetera. It should be pointed out that none of the cavities showed epitheliza 
tion of the lining. In some instances, the bronchial epithelium extended for a 
short distance into the cavity 

A review of the preoperative roentgenograms (figure 4a) showed that a cay itv 
had been present from the day of admission. The cavity gradually increased 
in size. The film was obtained six weeks prior to surgery. This patient received 
streptomycin and PAS for a little longer than one year (February 28, 1955, to 
March 15, 1954) prior to surgery and isoniazid for two months prior to surgery 
Twenty of the 23 patients in this group received isoniazid, and the other 3 re 
ceived only dihydrostreptomycin or streptomycin and PAS 


Eertensive Disease with Cavitation or Ulceration 


Of the 25 (10.4 per cent) specimens from the patients with extensive cavernous 
disease, 12 were obtained through pneumonectomies, which indicates the degree 
of involvement of the affected lung. Most of these cases were interpreted clini 
cally as “destroyed” lungs. Grossly, the entire upper lobe was seen to be in 
volved (figure 5b) in a fibrocaseous process with irregular areas of ulceration 
and cavitation. There was some extension of the process across the interlobar 
fissure. Microscopically, little, if any, lung parenchyma remained. It was largely 
replaced by caseation necrosis, with varying degrees of fibrous tissue prolifera 
tion. Irregular areas of ulceration were noted. Serial roentgenograms revealed 


a caseous pneumonic type of involvement of the left lung with multiple cavities 


' 
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Pia. 5a A.W Marked involvement of left lung seen on this roentgenogram taken 
day before pneumonectomy. Pneumoperitoneum had been maintained for one year 
Fig. 5b. (A. W.) Section through left lung showing marked involvement with filbrocase 


ous disease and several irregular excavations 


as early as March 28, 1951 (one day after admission to the hospital). The roent 
genogram of August 5, 1952, may be seen in figure 5a 

This patient received dihydrostreptomycin and PAS for a period of two 
years and five months (March 30, 1950, to August 6, 1952) prior to surgery 
Because of the character of the lesions seen in this group the chemotherapy ol 
all of the patients who showed this type of lesion was reviewed and was found 
to be theoretically adequate. Nine of the 12 patients subjected to pneumon 


ectomy had received pneumoperitoneum for some time preoperatively 


Canties Formed by the “Shelling-Out” of a Tuberculoma 


Seven (2.9 per cent) of the cavities were believed to be tuberculomata (en 


capsulated caseous foci) which had undergone liquefaction and had partially 


“shelled-out.”’ Grossly, it appears that the manner in which this type of lesion 


excavates is unusual and unpredictable as well. In figure 6b, several solid lesions 
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Tomogram showing densities in the right upper lobe with questionable 
cavitation 


Fig. 6b. (A. C.) Multiple solid lesions (tuberculomata 


in the right upper lobe with 
‘shelling-out”’ of one of these to form a small cavity 
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may be seen, but one shows cavitation of one portion which appears to have 


begun peripherally Phe tuberculoma ts sharply demarcated from the surround 


ing tissue and has a thin translucent capsule about it. Invariably, single or 
multiple points are found about the capsule where the process is “out of bounds.’ 
The body of the tuberculoma usually has a laminated appearance and shows 
some anthracoti pigmentation 

The microscopic picture was that of central caseation with variable amounts 
of fibrous tissue encircling it. Almost without fail, in the “out of bounds” areas, 
there were small active tubercles, making the lesion a source of potential trouble 
Serial roentgenograms are usually conclusive in establishing the nature of the 
lesion, but because of the density of the “tumor,”’ a small excavation may not 
be seen on the films. In the case illustrated postero-anterior, lordotic, and 
kyphotic films showed some contraction of right apical lesions. A cavity was sus 
pected and laminagrams were made (figure 6a). The antimicrobial therapy im 
this case consisted of approximately nine months of streptomycin and PAS 
prior to surgery (May 26, 1953, to February 15, 1954), at whieh time the mght 


upper lobe Wis removed 
DISCUSSION 


The character of a tuberculous cavity is undoubtedly influenced by several 
factors. The configuration of the lesion may be altered considerably by artificial 
attempts at cavity closure, such as pneumothorax, thoracoplasty, pueumopert 
toneum, et cetera. This was most noticeable in those lungs which were removed 
following thoracoplasty. Moreover, the administration of antimicrobial agents 
streptomycin, para-aminosalieylic acid, and isomazid) is known to enhance 
the healing processes. Since the early days of treatment with streptomyem 
numerous reports have deseribed the effect of this drug on the healing of tubes 
culosis. It has also been pointed out that the perifocal effusion about tuberculous 
lesions is of lesser degree. In reviewing the specimens in the present study, if 
was noted that there was considerable proliferation of fibrous tissue about the 
blood vessels and lymphatic s and along the alveolar septa scattered throughout 
the tissues and not generally related to any specie lesion. This generalized 
fibrous tissue proliferation was usually accompanied by some degree of end 
arteritis 

Those cavities classified as early and showing little or no fibrous tissue re 
sponse in their walls were thought possibly to represent instances im which 
inadequate antimicrobial therapy had been given. The fact that 38 per cent of 
the patients in this group received therapy for less than six months, 46 per cent 
received therapy for six to twelve months, and only 16 per cent received more 
than twelve months of therapy prior to surgery tends to support this belief 
Undoubtedly, additional factors have been instrumental in thwarting the 
healing process as well 

One of the most interesting groups in the study meluded those lesions termed 

open healing.”” Oddly enough, none of the specimens from the resections of 
1949 and 1950 showed any instances of “open healing,” and only one case in 


1951 was recorded. In 1953, however, there were 13 such cases 
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rABLE 3 
o» THe Bacrentotocie Data on THE Marertat AsriRaTep 


rk Tease oF 45 SURGICAL Srkcimt 


Thin walled 

Thick walled 

“Open healing 
Uleeratiot sidespread 


Shelling tuberculoma 


Totals 


*SM «tained smear of sediment; CU-—culture on artificial media; GP —guinea pig 


mmoculation 


It would seem that this type of healing is related to present-day ¢ hemotherapy 
and more specifically to the administration of isoniazid. Johnson and Hewitt 
described the roentgenographic findings on twenty-two patients as being cyst 
like cavities. Four of their patients were operated upon, and the specimens con 
firmed the roentgenographic interpretations 

In a recent publieation, Pagel and Simmonds (6 detailed histologic 
observations on the effeet of chemotherapy on the cavity wall They were ol 
the opinion that there is a cleansing of the cavity walls, with preservation of 
the cavity space. This occurs without epithelization of the cavity liming, even 
though there may be epithelium present in the bronchocavitary junction This 
re-epithelization is considered to be an important factor in “open healing,”’ 
according to Auerbach (7), who has observed an increased number of open 
healed” cavities following the prolonged use of chemotherapy Another factor 
which contributes to greater incidence of “open healing,” he believes, i» the 
late liquefaction of inspissated cavities 

In deseribing the modification of tuberculous lesions in patients treated with 
isoniazid. de Figueiredo and de Paola (8) point out that five patients showed 
complete healing of the cavity wall without any evidence of epithelization save 
for one cavity which previously had been drained 

Finally, the character of a tuberculous cavity may depend upon the nature 
of the pre-existing lesion, with special reference to solid lesions commonly termed 
tuberculomata. In the present series there were 7 cases of “shelling out” of a 
Micro 
scopic examination of a tuberculoma will show small foc: of activity at the 


periphery which liken it to a smoldering fire Portions of the lesions may undergo 


tuberculoma, giving rise to an irregular cavity of variable dimension 


liquefaction necrosis establish communication with an adjacent bronchus, and 


form a cavity. Widespread fibrocaseous disease within a lobe or a lung likewise 


may undergo excavation and form a bizarre pattern 
In table 3. the results on 45 consecutive cases show that positive bacteri- 
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ologic evidence of tuberculosis was obtained in 40 per cent ol the cases. It 


should be potted out that 4 cultures were contaminated, guinea pigs were 


not inoculated in 5 cases, and in 8 cases the results of microscopy were not 


reported 


SUMMARY 


\ review of the surgically resected specimens from 335 patients with pul 


monary tuberculosis at the City of Chicago Municipal Tuberculosis Sanitarium 
revealed that 240 specimens showed cavitary lesions which could be classified 
into five different types thin-walled cavitary, thick-walled cavitary open 
healing,’ widespread fibrocaseous disease with ulceration, and “shelling-out 
of solid lesions (tuberculomata or encapsulated caseous foci 

The most unusual lesion was that termed “open-healing,” which was formerly 
considered a rare phenomenon but accounted for 9.6 per cent of all the cavitary 


lesions in this series 


MARIO 


Seqtin se Observa en emplare 


ent 


hl repaso de los ejemplares resecados quirdrgicamente de 335 tuberculosos pulmonares en 


el Sanatorio Municipal para Tuberculosis de la Ciudad de Chicago revelé en 240 enfermo 
lesiones cavitarias que podian clasificarse en cinco distintas formas: cavitarias de paredes 
delgadas, cavitarias de paredes gruesas, de ‘‘cicatrizacién alnerta’’, enfermedad fibrocaseosa 


difusa con ulceracién decapsulacion” de lesiones macizas (tuberculomas o focos caseosos 


ene ipsul La lesién més extrafia fué la denominada ereatrizacin alnerta cotside 


rada anteriormente como fenomeno raro, pero a la que correspond un 0.6 por crento de 


todas las lesiones cavitarias de esta sere 


Mi 


Le ‘ ne hile ‘ piesa dana preces caection 


L’analyse de piéces provenant de résections pratiquées dans 33! ws de tuberculose 


pulmonaire iu Sanatorium municipal de la tuberculose de la ville de Chicago, a révéli 
240 malades présentaient des lésions ca vitaires qui pouvaient étre classifies elon cing t 
différents: caverne parol mince, caverne A parol épaisse open healing fibro 


euses étendues avec uleération et “shelling -out"’ de lésions denses (tuberculome ou fo 


enkystés). La lésion la plus surprenante était celle de type “open healing léston ouve 


dana une bronche et en voie de atrisation) qui était antériuerement considéré comme un 


phénomene rare mais qui représentait 96% du total des lésions cavitaires de cette série 
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INTRODUCTION 


The reaction of the mouse to experimental tuberculosis has been the subject 
of many controversial reports Until recently, this animal appeared to occupy a 
peculiar position among those animal species naturally subject to tuberculosis 
or used for studying experimentally the pathogenesis of this disease. This posi 
tion was related to the following differences, some of which have already been 


found to be apparent rather than actual: 


\ high natural resistance to artificial infection 

The absence from the resulting lesions of several of the cellular components 
of the classical tubercle believed to be important in acquired resistance 

(n inability to acquire specific resistance to the disease 


\ failure to develop tuberculous allergy 


There is evidence that the resistance of mice to infection with virulent bacilli 
depends mainly on the route of inoculation. If the bacilli lodge in the lung, le 
sions develop readily and rapidly in this organ and it has been shown (1, 2) that 
C57 black mice inoculated intranasally and kept on a deficient diet are as sus 
ceptible to infection as guinea pigs inoculated intramuscularly 

Swedberg (3) reviewed the literature on the development of specific resistance 
and from this and his own work concluded that mice can acquire resistance. This 
view was confirmed by the recent work of Dubos, Pierce, and Schaefer (4 

The inference that acquired resistance in the Mouse should be accompanied 
by allergic phenomena and the development of a specific cellular reaction led to 


the studies reported in the present paper. The susceptibility of guinea pigs to 


anaphylactic and allergic reactions, including tuberculin shock, is well recognized 


Mice and rats, on the other hand, are reported to be relatively insensitive to the 
anaphylactic type of reaction, probably because of their histamine tolerance 
Trethewie (5), compexing the LDg. of histamine given intravenously to guinea 
pigs, mice, and dogs, found that mice were eight hundred times as resistant as 
guinea pigs to the drug. Dougherty (6) found that, if mice sensitized to horse 
serum were adrenalectomized two hours before shock, they became two thousand 
times as susceptible to anaphylaxis as similarly sensitized, sham-operated mice 
Their relative resistance could be fully restored by administering secretions of 
the adrenal cortex to the adrenalectomized mice 

The experiment recording the results of infecting mice with tuberculosis after 
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adrenalectomy is included to support the view that the allergic response of mice 
hears no direct relationship to their histamine sensitivity or to their adrenocor 
tical mechanism. Tuberculous allergy in particular is a cellular rather than a 
humoral phenomenon, not obviously related to histamine sensitivity 

The published reports of experiments to study the tuberculin sensitivity of 
mice are conflicting. Gerst! and Thomas (7 found that mice infected with human 
or bovine tubercle bacilli remained insensitive to skin tests with purified proteim 
derivative (PPD). Moreover, the growth rate and physical appearance of tissue 
cultures from normal and tuberculous mice were unaffected by adding one thou 
sand skin-test doses of PPD to the medium. Their conclusion that mice are nat 
urally anergic to tuberculin has been accepted by several later workers in this 
field. Thus, Holden, Seegal, and Adams (5), detecting no specific reaction to 
tuberculin by fragments of splenic tissue cultured from mice one month after 
infection, concluded this to be due to the natural anergy of mice reported by 
Gerst! and Thomas 

Favour (9) found that lymphocytes, but not granulocytes, from the peripheral 
blood or spleen of tuberculous mice were lysed in vitro by tuberculin. Because 
both of these cell types from man and guinea pigs were lysed by tuberculin and 
since his attempts to obtain a positive skin reaction were unsuccessful, Favour 
suggested a possible relationship between the anergic state in the mouse and the 
resistance to lysis of granulocytes. Further, having failed to show that the rela 
tive skin anergy was reversed by adrenalectomy, Favour (10) concluded that 
mouse leukocytic responses, as well as dermal reactions to tuberculin, differ from 
those in man and guinea pigs 

In the last few years, however, the possibility ol a limited development ol 
allergy by tuberculous mice has been re examined. Hart, Long, and Rees (11 
comment briefly on an observation that, although skin sensitivity cannot be 
demonstrated, a systemic reaction may follow the intravenous injection of PPD 
in a much larger dose than is required to produce a similar reaction in infected 
guinea pigs. Continuing this observation, Kirchheimer and Malkiel (12) reported 
that mice sensitized by either H37Rv or BCG strains could be fatally shocked 
with intravenous PPD as early as ten days after infection No control mice ap 


pear to have been used in these tests, however, and they are therefore difficult 


to interpret 

The present results are based on studies of C57 black mice inoculated with 
living or dead M ycobactertum tuberculosis H37Rv by several routes or with BCG 
intraperitoneally. Groups of guinea pigs infected intradermally or intranasally 
with H&37Rv were tested in parallel to compare the allergic response of the two 
species. The fate of stainable and viable bacilli in the lungs of intranasally ioc 
ulated mice and guinea pigs was also studied by weekly examinations, Using 
fluorescence microscopy (13) and surface plating methods (1), respectively. The 
results, together with those of a preliminary examination of the relationship of 
the cellular changes in the mouse lung to the bacterial population, are included 
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eould then readil be pntroduced im distal spect on one of the pads With slight 
yreseure on the plunger, the sole of the foot immediately surrounding the pad was dis 

tended into a cireumseribed swelling approximately 6 mm. tn diameter. If the needle ace: 


«welling was produced extending slong the 


dently punetured the subcutaneou 
whole plantar Weekly teats were performed on alternate hind feet 

Normal mice showed no reaction at Tort eight hours to dilutions of OT ranging from 
1:10 to 1:50. but the undiluted product caused severe inflammation leading to gangrene of 
lly selected was 1:25. When PPD was used, it was made up to 


equivalent strength (750 units in 2 ml. of terile dixtilled water). While inoculation at this 


the toes. The dilution fin 


<trength caused onl very transrent velling which disappeared vithin forty eight hours 
in normal control wlergic animal vowed a persistent reaction 
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KESULTS 


Cutaneous Reactions to Tuberculin in 


In more than 300 mice regularly tested by the footpad method for periods 
to thirty-four weeks, the pattern of the allergic response re 


ranging trom tour 


curred regularly 
For the purpose of this and later experiments, a reaction arbitrarily designated 


1) consisted of a painful, reddened foot swollen to approximately 


aus postiive 
The reaction was marked at twenty-four hours, per 


twice its normal thickness 


sisted strongly up to forty-eight hours, and then slowly reverted to normal im 


Io describe swellings of smaller dimensions, the term inter 


the next two days 
is known whether it is justifiable to ree 


mediate reaction Was adopted until it 


ognize degrees of response. Intermediate reactions were usually noted for one or 


two weeks before full conversion occurred, or in mice recovering from sub 


lethal tuberculin shock, or when allergy was waning 
In the present report combined reactors consist of all animals showing foot pad 
These include the strong positive reactors but, because the latter are at 


swelling 
present believed to represt nt complete conversion, a separate record of positive 
reactors is also given It should be noted that reactions were often more marked 
at twenty-four than at forty-eight hours, so that a positive reaction at twenty 
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hia. 1. Tubereulin reaction forty eight hours after inoculating 1:25 dilution of Old 


Fubereulin into the footpad of a C57 black mouse 
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four hour. vell tx recorded “us intermedimte at the final reading 


decision to read at forty-eight hours was taken becatise any hotsper ifie swelling 
in the controls had then subsided, while specific reactions still pr rsisted 
mice selected to illustrate the conversion pattern consisted of 42 


annals units of H37R 


and tested regularly for thirty-four weeks These were adult male mice of vhich 
known (see table 1), but half the number 
than SiN months old 


Phe group of 
inoculated intranasally with approximately 100 viable 


the precise age at moculation is not 
vere three or four months old and the remamder more 


till recognizable at the time of conversion because of the 


but later no such distinction Was possible 


These animals were 
larger size of the older group 

It has been observed in all of these studies that, m any intranasally 
few usually became ill and died between the second and sixth 


infected 


group of mice, a 
weeks after infection with 
the alveoli packed with bacill (see figure 
ived for periods ranging from: two months upwards 


virtually the whole of the lung tissue consolidated and 
&). The majority, however, re maimed 


good condition and sury 
Phe proportion of animals which died in the early stages was partly but not en 


tirely related to the size of the infecting dose. which was usually very small in 


eurhet experi nee ol the 
it 
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seemed probable that a deficient diet might reduce the average survival time 
Hence, the period of observation necessary to relate foot pad sensitivity to sul 
vival might be shortened, The present group of mice Was therefore placed ona 
deficient diet (2) from the time of infection 

In figure 2, the rate of footpad conversion and the subsequent allergi history 
ol the group until the « ighteenth week are shown During this stage ol the ex 
periment, mice were not ide ntified individually other than by an earmark when 
the foot reaction became negative Lhe appearance ol fluctuations im the shape 
of the later stages of the reaction curves led to the segregation and individual 
study of the remaining mice (table | 

It will be seen that the first positive reactions were recorded three and one-half 
weeks after infection, rather earlier than in other experiments (see table 3). It 
was also noted that all of the early reactions occurred in the old mice. This ob 
servation led to the experiment on mice of different ages recorded in table 2 

Six mice died without becoming allergic, but conversion in the others pro 
ceeded steadily so that, after seven and one-half weeks, 00 per cent of the sur 
viving animals were showing a positive tuberculin reaction. The fact that at no 
time was the usual 100 per cent of positive reactions obtained (see table 3) ts 


attributed to an unusually rapid progress of the disease in this group, leading 


PABLE, 2 


Tue INecoence or Mouse Acre on Conversion Ratt 


Small Infeeting Dose 


Age of Mice 4 Weeks 14 Week i Wee 

Sumber uninfected aft 

Pre allerg leath 

Type of React 
Week nee infect 
Interme Com Interme Con 

ils 12 7/a 4 14 
7 15/18 17 Is 2 12 
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Ws 12 3 15/18 19 0 20 
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Sixty mice inoculated intranas ally with ipproxim itely 2 viable units. Tested at weekl 
intervals by inoculating 1:25 OT into metatarsal pads. Positive reactors show gross swell 
ing of foot; intermediate reactors, any degree of swelling below this level. Combined re 
sectors consist of all animals showing any degree of reaction 

* Three mice killed after 11 weeks showed gross lung involvement, but had not converted 


to a positive reaction 


— 
La 
be 
| 
i 
| 
ME 
- 
‘ 


17s GRAY AND JENNINGS 


to reversion of a proportion of the early reactors before conversion of the remaim 
der was complete. From this time onward, reversion through the intermediate 
to the anergic state was common. [t is important in relation to the view expressed 
here, i.e., that conversion coincides with the onset of specific resistance, to under 
stand that the group of mice under consideration Was not typical ot other groups 
studied. For example, in mice on full diet inoculated intranasally with doses 
ranging from 2 to 500 viable units, the onset of anergy was slower so that there 
wax a definite period, usually of several weeks’ duration, in whieh pre-allergie 
deaths had ceased and post allergic deaths had not begun 

Post-allerqre deaths Collected results from figure 2 and table | show that 
mice died by the twenty-sixth week, all within two weeks of reverting to the an 


23 
ergic state. At the end of the experiment (thirtv-four weeks), another 4 mice had 
died in the third, fourth, or fifth week after reversion. Thus, 85 per cent of the 
post-allergic deaths ove urred within two weeks after reversion, and no mouse in 
this or any other experiment died while showing a positive footpad reaction In 
one animal which showed incomplete reversion and loss of condition at the time 
of the last test, death occurred five days later, so that it is not definitely estab 
lished that it was anergic at the time of death Animals which died after revet 


sion, unlike those which died in the early stages of infection, rarely showed more 


than 50 per cent of lung involvement, and sections stained with auramine showed 


no evidence of a proliferation of bacilli during anergy to account for their death." 

The results given in table 1 are of interest in their bearing on the relationship 
of persisting tuberculin allergy to survival and are similar to those of several 
groups of mice maintained on a full diet and observed during the later stages ot 
infection by the intranasal route 

From the twentieth week onward some individual mice gave a negative tu 
hereulin reaction for one or two weeks at a time. It was noted, however, that, 
unless there was a simultaneous deterioration in their clinical condition, later 
tests yielded intermediate or even positive reactions It was clear also that at 
this stage of infection an intermediate reaction which lasted several weeks was 
associated with survival. That the incidence of intermediate reactors was prob 
ably not due simply to tuberculin saturation from repeated injections is shown 
by the proportion of positive reactions mn mice Nos. 12 to 16 during the last six 


weeks of observation 


Cutaneous Reactions to Tuberculin in Guinea Pigs 


In several experiments with guinea pigs inoculated intradermally, intramus 
cularly, or intranasally with doses ranging from 350 to 2 10° y iable units, con 
version to skin sensitivity took place in the third or fourth week after infection 
Transitory intermediate reactions were seen in some animals during conversion, 
consisting of a small area of erythema and swelling, but there was no evidence 


This does not agree with the results obtained in post-allergic guinea pigs Wooorurr 
Cc. 3 Keury. R. The correlation between anatom« al changes and the allergic 
state in tuberculous guinea pigs, J. Immunol., 1942, 44, 79). Confirmatory experiments are 


now in progress 
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Fic. 3. Graph showing the progress of allergy in guinea pigs: 30 animals inoculated 
intranasally with 2,000 viable units were skin-tested weekly from the tenth day with a 


dilution of 1:50 OT. Ten control animals were consistently insensitive 


of the delay between conversion of the first and last animals characteristic of all 


groups of mice (see figure 2 and table 3) 

In figure 3, a typical result, the conversion rate is recorded of 30 guinea pigs 
infected intranasally with approximately 2,000 viable units of H37Rv and kept 
on the same reduced diet as the mice. All animals had converted when tested 
four and one-half weeks later and this position was maintained until the tenth 
week, when some animals showed reversion to an intermediate reaction. In the 
thirteenth week, 4 animals became anergic and by the sixteenth week the number 
had risen to 7. At this stage one of these animals had died and another was seri 
ously ill. Both showed very advanced disease at autopsy. When the remaining 
survivors were killed in the seventeenth week, all were found to have moderate 
to severe generalized tuberculosis and there was no gross pathologic distinction 
between positive, intermediate, and negative reactors 

Another group of 12 guinea pigs infected intranasally with 5,000 viable units 
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and kept on a full diet continued to give positive reactions from the fourth to 
the seventeenth weeks. At the time of writing (thirty-five weeks), 7 animals 
which reverted through intermediate to negative reactions without loss of con 
dition subsequently gave an intermediate or positive reaction, reproducing the 
phenomenon seen in mice. Total lung involvement caused the death of 4 of these 
while showing a positive reaction. Five animals, showing uninterrupted reversion 
with emaciation, died within four weeks after the first negative reaction to 


tuberculin 


The k fleet of \ arying haxpe rimental Conditions on the Conversion Rate of Mice 


tye of mice at time of infection: Three groups of 20 mice aged, respectively, four, four 
teen and twent four weeks were infected intranasal! with a pension of H Thy con 
taining approximately two viable units per dose. At the conelusion of the experiment it 
was found that S animals had not become infected, reducing the numbers in the groups to 
18, 20, and 14, respectivel Four animals which died without developing a footpad reaction 
4 sppear in the results a» having failed to convert. The results of weekly tuberculin tests 


; are set out in table 2 


tegardiess of whether the result is assessed in terms of positive reactors alone 
or of combined reactors, the average conversion rate was much faster in the 
older groups. At nine and one-half weeks, 3 of the young group had not advanced 


beyond an intermediate reaction and one was still negative, in contrast to the 


5 full conversion of the mice still alive in both older groups. At the end of the ex 
periment a week later, 3 intermediate reactors remained in the youngest group 

Alternate animals were killed as soon as they showed a full positive reaction 
to tuberculin in order to determine the degree of lung involvement. These were 
: carried on subsequently as positive reactors. The rate of progressive lung con 
‘ solidation, which was readily observed because of the very small infecting dose 
used in this experiment, was much the same in all three groups. Therefore, 
animals converting early did so when lung involvement was minimal. For ex 
ample, the first mice to convert in the fourteen- and twenty-four-week groups 
had only 1, 2, or 3 visible lung tubercles averaging 0.5 mm. in diameter. Those 


which converted late showed progressively greater lung consolidation. The most 


seriously affected lungs, showing approximately 30 per cent of consolidation, 
were those of the 3 remaining intermediate reactors of the youngest group when 
they were killed in the eleventh week 
| Sex of mice: During recent experiments, whatever the strain of organism, dose, 
| or route of inoculation used, approximately equal numbers of mice of both sexes 
‘ and of the same age have been included. No significant difference was observed 
in the rate of conversion, nor is there any obvious reason for expecting one 
Virulence, viability, and dose of infecting strain: Because the influence of age 
was not appreciated until recently, no check was made in the early stages of the 
‘ precise age of the mice at the time of inoculation, although the average age was 
usually three or four months. Therefore, no importance is attached to the rela 
tive tuberculin conversion rates of the groups in this series, and available results 
are submitted merely for the evidence they provide that conversion may also 
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Routes of inoculation intrana intradermal (footpad); 
peritoneal! sted 

° In this group ilternate animals were killed at conversion ee table 2) and were tilene 
quently carried on as positive reactors. Therefore the figure of LOO per cent of positive 


reactors at nine and one half weeks is presumptive 


follow the inoculation of avirulent, or even killed virulent, organisms and that 
more than one route may be effective 

Mice infected intranasally with doses of 2, 80, or 450 viable units of H37R4 
had all converted to fully positive tuberculin reactions by about the ninth week 
To assume that the observed shift of reactors in the highest dose group one week 
to the left in the table was due to the larger dose would not be justified in the 
absence of precise knowledge of the respective ages of the groups (see table 2) 
It is obvious that the effeet of still larger doses, given by different routes, on 
mice of the same age is yet to be determimed. Living H37Rv organisms when 


given intradermally, ie., by footpad inceulation, ina dose of 3,000 viable unites 


produced a fairly typical response in terms of combined reactors, but the emer 


gence of positive reactions was undoubtedly slow. Tests on this group were dis 
continued at nine and one-half weeks. Killed tubercle bacilli (HA37Rv) in a rela 
tively very large intranasal dose (0.5 mg.) produced no positive reactors within 
ten and one-half weeks of inoculation, but intermediate reactions were shown by 
the majority after seven and one-half weeks. This is interpreted as indicating 
that even large doses of killed bacilli by this route may provide only a relatively 
poor allergic stimulus. On the other hand, a tenfold larger dose of killed organisme 
(5.0 mg.) given intraperitoneally was followed by rapid, full conversion and the 


reaction Was strongly maintained for several weeks. BCG (2 «* 10° viable unites 
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intraperitoneally) also provided a strong stimulus of similar intensity to that of 
the killed organisms inoculated intraperitoneally 

idrenalectomy: Twenty eight mice were adrenalectomized and, on the tenth day, 10 
survivors which appeared to be fully reeovered, together with 10 control animals of the 
same age (four months), were infected intranasally with approximately 900 viable units of 
H37Rv. Three of the adrenalectomized mice died during the next three days 

The tuberculin conversion rate of both groups ran a parallel course, so that 
after four and one-half weeks the control animals included 3 positive and 7 
intermediate reactors, while the adrenalectomized group showed 2 positive and 
5 intermediate reactors. Adrenalectomy, therefore, had not been responsible for 
either a more rapid conversion to the allergic state or a stronger individual sen 
sitivity to tuberculin. The animals were then killed and it was confirmed that 
no adrenal tissue remained. Neither macroscopically nor microscopically did it 
appear that the operative procedure had exerted any influence on the disease in 
these mice during the period of observation. This was intended as a pilot exper 


ment, but, in view of the results, repetition on a larger scale seemed unnecessary 


Tuberculin Shock 


It was an obvious corollary to skin sensitivity that mice would prove sts 


ceptible to tuberculin shock if examined under the right conditions. The possi 


bility of deaths being an expression of an anaphylactic rather than an allergic 
reaction of the tuberculin type had to be excluded. The criteria adopted, there 
fore, were that the reaction should be of the delayed type and associated with 
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the acute hemorrhagic infiltration of lesions accepted as typical of tuberculin 


shock in guinea pigs 


Having shown that normal mice were quite insensitive to single doses of up to O75 mil 
of OT intraperitoneally or to repeated weekly injections of 0.2 mil elected groups of in 
fected animals were challenged together with an equal number of controls, usually with 


0.2 ml. doses. The results are set forth in table 4 


Mice inoculated with living or dead tubercle bacill of the strain H37Rv ot 
with BCG were insensitive to tuberculin shock after four weeks. When tests on 
animals infected intranasally with H37Rv were continued for a longer period 
some deaths resulted at the eighth week. After nine weeks most animals either 
died or recovered after a severe reaction, but even then the result could not be 
predicted with certainty Except for the first three groups of infected animals in 
the table, all received weekly footpad injections of a dilution of 1:25 OT, which 
could well have exercised a partial desensitizing action. As no infected controls 
that had not been regularly tested were available for the present series, this must 
remain an unanswered question. However, the results of inoculating 0.2 ml. of 
OT intraperitoneally into infected guinea pigs which were receiving weekly skin 
tests suggested that the skin tests may have exerted some desensitizing action 
in this species or that the dose was inadequate. In groups of four guinea pigs 
tested between the fourth and twelfth weeks after infection, there was seldom 
more than one fatal reaction, although most of the animals suffered from a sub 
lethal shock which lasted two or three days 


The Pathogenesis of Tuberculous Lesions 
Previously reported studies (1, 2, 13) focussed attention on the mouse as an 
experimental tool in tuberculosis research because of the rapid multiplication of 
stainable bacilli in the lungs. The small numbers of bacilli detectable in guinea 
pig lesions suggested that a comparison of mouse lung with guinea pig lung 
might confirm this apparent difference and help in understanding the reaction 
of the mouse to tuberculosis. The experiments reported here were carried out 


prior to the discovery of tuberculin sensitivity in the mouse. Henee, it is not 


possible to relate the changes in bacillary numbers and in the cellular pattern 


of individual lesions mentioned here to the allergic state other than as a series 
of changes taking place over the same period. Therefore, these results will be 
reported only briefly for the evidence they provide of a specific cellular change 
which appeared concurrently with a smaller number of stainable bacilli during 


the period shown to be that of conversion to the allergy stute 


Mice inoculated intranasally with approximately 350 viable units of H37Ry were com 
pared with guinea pigs, half of which were inoculated with 450 units and the remainder, 
on a body-weight basis, with twenty times that dose. As the observed effect of the larger 
dose was to increase the number of lung tubercles, but not the progress of individual le 
sions, no further distinction will be made between these two groups of guinea pigs except 
in relation to lung counts. The experiment involved 120 mice snd (4) guinea pigs, the former 
being killed in groups of 6 over a peniod of nineteen weeks and the latter in groups of 4 


over fifteen weeks 
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sections stained by fluorescence microscopy figures 4.15 


* Infective dose by intranasal inoculation Mice 350 viable units, guinea pigs 7,000 viable 


units of H37Rv. Dose assessed on body weight 
t The figures in the table X 10° are ealeulated from the number of bacilli per half lung 


recoverable by surface plating The other half of each lung was used for section. Mach 


result is the average of 4 mice or 2 guinea pigs -tripheate platings 
Cellular changes in mice: + to have been used to indicate approximate degree 


of each response 


The results in table 5 relate the cellular changes observed in mouse lung to 
the stainable and viable organisms present The guinea pig figures are included 
for comparison, although it should be noted that the infecting dose in these 
animals was the larger one, viz., 7,000 viable units or twenty times the mouse 
infecting dose 

Of the classical components of tubercles, only foamy macrophages of epithe 
lioid type and focal necrosis were seer The macrophages increased in numbers, 
filling the alveoli and bronchioles, and were the predominant cell type from ap 
proximately the sixth week onwards. There was a gradual increase in focal 
necrosis of the macrophages within the alveoh which was associated with poly- 
granulocytic invasion, and after the eighteenth week some restoration ol 
alveoli appeared to be taking place. An interesting feature of the lesions was the 
absence of giant cells, fibrosis, caseation and calcification, and the maintenance 
of the blood supply to the alveoli 

The rate of multiplication of stainable bacilli was much faster in the mouse 
and, whereas the numbers in the guinea pig became relatively stable, those in 
the mouse suggested a rather dramatic reduction from approximately the sixth 
week onward (see figures 4-13). This result does not agree with the number of 
colonies isolated from the mouse ling for, although these showed a slight de 
crease during the six- to eight-week period, corresponding to the marked fall in 
stainable bacilli, they rose in the final weeks when stainable bacilli were rela 


tively seanty. This diserepancy has yet to he investigated 
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Fie. 4. Photomic rograph, fluorescence staining, of mouse lung one week 


after intranasal 
inoculation showing a clump of organisms and slight septal thickening. (400 


Fie. 5. Photomicrogr iph, fluorescence staining, of guinea pig lung one week after intra 
nasal inoculation. No bacilli are visible but consolidation ia alee uly well advaneed. (x 100 
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Fic. 6. Photomicrograph, fluorescence staining, of mouse lung after three weeks, show 


ing numerous organisms. 


fluorescence staining, of guinea pig lung after three weeks 
focus 


7 Photomicrograph 


\ few organisms are present in a neeroth 
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Fic. 8. Photomicrograph, fluorescence staining, of mouse lung after five weeks. Great 
numbers of organisms are present in the macrophages filling the alveoli. The outlines of 


the intact alveolar walls are visible by contrast x10 


Us 


*hotomicrograph fluorescence staining, of guinea pig lung after live weeks The 
r of a tubercle contains a few organism peripheral fibrosis has destroyed 


xin 
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alveolar structure 
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fluorescence staining, of mouse lung after six weeks. The 


Fia Photomicrog! aph 
i are distributed in isolated groups. (X 100) 


organisms are much reduced in number ane 


staining, of guinea pig lung after six weeks. 


Fia. 11. Photomicrograph fluorescence 


few organisms are present in the caseous foeus. (100 
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Fic. 12. Photomicrograph, fluorescence staining, of mouse lung after thirteen weeks. 


A few clumps of organisms are still present. (100 


Fic. 13. Photomicrograph, fluorescence staining, of guinea pig lung after thirteen weeks 


Organisms are present in the easeous focus and in the surrounding fibrous capsule. (x 100 
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The temporary reduction in the viable number of bacilh im guinea pig lungs 
at three weeks (only 2 animals were used, but comparable counts were obtamed 
may have been associated with the onset of allergy, for it was found in skin le 
sions produced by intradermal inoculation that a decrease im the number of 
tainable bacilli occurred after tuberculin conversion (unpublished). The evidence 
suggests that the apparent reduction in stainable and in viable bacilli in the 
mouse and the aggregation of macrophages were both related to the onset ol 
allergy in this species and to the beginning of a period of increased resistance to 
the fatal effects of the disease.’ 


DISCUSSION 


The development and progress of allergy in tuberculous mice were compared 
with that in guinea pigs. Old Tuberculin diluted 1:25 was used for routine testing 
of mice, although sufficient tests were done with the equivalent strength of PPD 
to be satisfied that PPD produced a similar response. In terms of skin sensitivity 
and lethal shock, the two species showed the same fundamental response although 
there were minor points of difference. Under weekly tests individual guinea pigs 
usually converted abruptly from a negative toa positive skin reaction, with only 
an occasional intermediate reaction. In contrast, individual mice almost invar 
ably showed an intermediate reaction lasting one or two weeks before giving a 
positive reaction. Individual guinea pigs all converted within two weeks of one 
another and there were no preconversion deaths, whereas the interval between 
conversion of the first and last members of a group of mice was occasionally four 
but usually five or six weeks, and preconversion deaths occurred. No explanation 
of this wide seatter in mouse tuberculin conversion times can be offered at present, 
bat at appears to be unrelated to possible cross-infection, as it occurred whether 
living or dead organisms were used 

Conversion of mice to the allergic state was associated with the onset of a 


period of increased resistance. The lung lesions were chara terized by a cellular 


pattern lacking many of the elements of the classical tubercle. No fibrosis, casea 


thon, of calcification were noted, and the lesions remained vascularized The 
outstanding cellular change was the accumulation of dense masses of foamy 
macrophages of the epithelioid type in the alveoli, brone hioles, and bronehi. In 
the later stages when these masses of cells became necrotic and were removed by 
Viosi there was some evidence of restoration of Tunetion in pres jously 
consolidated areas, The apparent simplicity of this cellular response encourages 
the conclusion that the cellular defense of the mouse ts based on these masses 
of macrophages and that their appearance is intimately concerned with the 
onset of allergy 

Mice either died without converting or remained in good physical condition 


as long as footpad tuberculin sensitivity was present. This period was rarely as 


Further evidence of the association of uninhibited multiplication of bacill with the 
absence of allergy is provided by the report of Woodruff and Willis (Allergy and desens: 
tization in experiment il tuberculosis. J. Immunol 1030. 37. 540 Tuberculous guinea pig 


in which allerg was suppressed showed a il mouse type 
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short as tour weeks and occasionally as long as thirty weeks Pemporary loss 
of cutaneous sensitivity Was noted in some animals which had been infected for 
long periods, but the majority of mice became anergiec and obviously ill at the 
same time and died soon afterward. Eleven guinea pigs Which died of tuberculosis 
reverted and remained ane rgie to tuberculin for one to four weeks before death 
The physical deterioration first appeared in the guinea pigs at the onset of anergy 
as it did in mice. Seven Anas Ina recent experiment aise showed the te mporary 
anergy without loss of condition seen in mice. Total lung involvement caused 
the death of 3 of these animals while showing a positive reaction 

\ large dose of Old Tuberculin by the intraperitoneal route killed a small pro 
portion of mice tested eight weeks after infection and most of those tested from 
the ninth week onward. That this was an allergiv phenomenon and not anaphy 
lactic seems certain in view of the delayed death and the intense hemorrhagy 
congestion of the lung lesions that were constant features. Normal mice showed 
no ill-effeets from repeated dosage with 0.2 ml. or even larger amounts of tubes 
eulin. It is concluded that, when the allergic state is firmly established. the 
majority of mice can be killed by tuberculin shock. Whether the omission of 
weekly skin tests would cause an earlier fatal reaction has not been determined 
but the same dose of tuberculin killed only a small proportion of infected guimen 
pigs which had been subjected to weekly skin tests. On a we wht basis, the mice 
received approximately forty times the skin-test dose and twenty times the 
intraperitoneal dose of tuberculin given to guinea pigs 

Of a number of factors possibly influencing the rate of mouse conversion which 
have been studied, the age of the mice at the time of infeetion was most impor 
tant Not only was the average conversion rate of very young animals slower 
than that of young adults or older mice but, as a result, a larger ave rage degree 
of lung involvement Was present at the time of tuberculin conversion in the young 
ones. This suggests that the slower conversion of young animals was due. not to 
the slower formation ol lesions, but to other factors: notably the less effective 
resistance they showed to infection. Insufficient results are yet available to 
assess with any accuracy the effect of dosage and route of imoculation on conver 
sion rates 

Adrenalectoniy performed ten days before intranasal mfection apparently 
failed to affect the rate of conversion or the intensity of the foot pad response 
The number of stainable bacilli and the degree of lung involvement were not 
discernibly different from those factors in control mice of the san nye 


In C57 mice with a primary intranasal infection there was an imitial rapid 


multipheation of tubercle bacilli leading to an accumulation of densely packed 


organisms in the lesions, reaching a peak of numbers by approximately the fifth 
week. Animals killed in the later stages showed only small seattered clumps ot 
stainable bacilli. In guinea pigs inoculated by the same route multipheation 
was very slow. Stainable bacilli were not detected before the third week and 
from the fourth week onwards remained fairly constant 

The question may tx asked whether the experimental conditions permut the 


conclusion to be drawn that the sequence of events in all infeeted mice was a 
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multiplication of baer ili. followed by a reduction in numbers. It is true that the 
picture presented has been arr ed at by observing a large number of mice which 
died or were killed at regular intervals after infection Those which died in the 
preconversion period showed almost completely consolidated lungs packed with 
bacilli. but mice examined during the period corresponding to allergy or 
anergy showed only partial lung consolidation and small, scattered clumps ot 
bacilli. It could be argued that the bacillary numbers in these mice which sur 
vived the early stages of infection may never have exceeded the numbers found 
at the time they were killed or died and, therefore, that acquired resistance Was 
not necessarily associated with the actual destruction of bacilli 

The evidence from counting the viable numbers in lungs does little to clarity 
the situation. The present results agree with those of Pierce, Dubos, and 
Schaeler 15) and bear no apparent relationship to the stainable bacilli. A 
comparison of the results in mots and guinea pig lungs suggests that the dis 
crepancy be considerable. Regardless of the difference in the imfecting dose 
(table 5), stainable numbers im these two animals cannot be reconciled with 
viable counts from the lungs unless it ts supposed that the bacillary death rate 
in the mouse lags only slightly behind the multipheation rate and that many of 
the stainable bacilli are dead. Another possible explanation would be that the 
increase in Viable bacilli in the late stages of infection with no detectable increase 
in stamable organisms, 1s related to the presence of nonae id-fast forms. This ts 
to be investigated 

Many of the questions raised by the present findings require further study 
Mackaness (16) believes that there is a relationship between the density of 


macrophages in tissue cultures and their bacteriostatic activity. Such a rela 


tionship could well exist in the mouse lung and, reinforced by the little-understood 


action of allergy, be responsible for the actual destruction of bacilli. There ts 
already evidence, in the ability of macrophages to confer passive tuberculin 
sensitivity on normal animals, of their intimate association with allergy. This 
relationship may be clarified by further study of the response of an animal which 
fails to produce other e lular components ot the classical tubercle 

It ix vet to be explained why, in a group of mice with only moderate lung in 
volvement and no gross lesions elsewhere in the body, some mice suddenly be 
come anergic and die. The stainable bacilli in their lesions do not increase at this 
stage and it is yet to be shown whether “L” forms lacking acid-fastness are 
responsible or whether tox breakdown products of the inflammatory process 
or of the bacilli play a part in the fatal result 

In conclusion, the present findings require a further revision of the concept 
that mice differ greatly from other animals in their response to tuberculosis 
Allergy does develop in mice when they are exposed by a suitable route to living 
or dead virulent bacilli or to BCG With living organisms given intranasally, its 
onset corresponded to a period of dense aggregation of mia rophages in lung le 
sions, and while allergy persisted the animals did not die of tuberculosis. Whether 
or not an intermediate footpad reaction is indicative of the same degree of resist 


ance to the progress of the disease as a fully positive reaction Is not yet certam 


if 
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The degree of resistance to secondary infection associated with these two stages 


during tuberculin conversion may be determined in the course of immunization 


experiments with BCG and killed H37Ryv now in progress. [t has been shown in 


the present results that an intermediate reaction over several weeks in long 
standing cases ol primary infection ts compatible with a stable elinieal condition 
in mice and that this reaction does not appear to stem from tuberculin saturation 


due to regular testing 


SUMMARY 


C57 black mice do become allergie when exposed to tubercle bacill. The al 
lergic state is indicated by swelling of the foot after the local injection of tuber 
eulin or by death following intraperitoneal injection 

\ complete reaction to tuberculin usually develops between the fourth and 
ninth weeks after infection and allergy persists for periods ranging trom four 
weeks to more than thirty weeks 

Animals may die of tuberculosis before tuberculin conversion or alter reversion 
to the anergic state as dete rmined by footpad tests 

Death is associated with anergy but not with an increase in the number of 
stainable bacilli in the lesions, despite the fact that viable counts show a definite 
increase in the number of bacilli in the lungs in the terminal stages 

Allergy appears to follow the accumulation of mac rophage in the lung lesions 
although the precise relationship of these cells to the phenome non of enhanced 
resistance and to the subsequent concurrent loss of allergy and resistance is vet 
to be determined. Using young mice and small intranasal infecting doses to ob 
tain a delayed onset of specific resistance, a period of several weeks is available 
for studying the changes which result in the transition from natural to acquired 


resistance 


La Als gia en la Tuberc Vurina rperimenta 


Los ratones negros de la cepa ( 57 se vuelven alérgicos cuando se les expone a tne thos 
tuberculosos. kl estado alk rico queda indiceado por el edema de los pies le pues de lain 
yvececion local de tuberculina o por la muerte consecutivamente a la inyveeeion intrapert 
toneal 

kl pleno viraje suele presentarse entre la cuarta vy la novena semanas consecutis 
infeecwn la alergia persiste durante periodos que v j de cuatro a thes cle 

Los animales pueden fallecer de tuberculosis antes del viraye o despud 
estado anérgico, determinade esto por medio «le pruebas podales 

La muerte se asocia con anergia, pero no con aumento del ndmero mcilos coloralble 
en las lespones le que in numeracione de los vialile revel sumento bien 
detinide del namero de bacitlos en los pulmones en las etapas terminals 

La Liergia parece seguir a la acumulacion de macrotagos en las lesiones pulmonare 
sunque esté aun por determinar la precisa relaciwn de esos giébulos con el fenédmeno de ta 
mavor resistencia In pérdida concomitante de la ale la resistencia 
Con el uso de ratones joven de pequenas dosis infectants inealmente cuenta 
con un periodo de varias semanas para estudiar las alteraciones que culminan en la trans 


cién de la resistencia natural «a la adquirida 
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KESUME 


qe dans la tuberculose expe imentale de la sourta 


souris noires de la souche C 57 ennent toujours illergiques lorsqu elles sont 


exposées aux bacilles tuberculeux L’état allergique est indiqué par le gonflement de la 
patte, A la suite de injection iocale de tuberculine, ou par la mort quand linjection est 
intraperitonial 


Le virage complet se produit habituellement entre la quatméme et la cinquieme semaine 


qui suit inoculation; cette allergie persiste pendant des périodes allant de quatre a plus 
de trente semaine 

Les animaux peuvent mouri de tubereulose avant le virage ou aprés le retour 4 "état 
snergique démontrée par le te t épndermique au su cle la patte 


La mort est associée A l’anergie et non A laccroissement du nombre de bacilles colorables 


dans les Iésions, en dépit du fait qu’au stade terminal la numération de la population 
viable révéle un aceroissement défini du nombre des bacilles dans le poumon 
L’allergie paralt suceédera l'accumul ition des macrophages dans les lésions pulmonaires, 
bien que la relation précise entre ces cellules et le phénoméne de résistance accrue et la 
perte concomitante ultérieure de Vallergie et de lu résistance reste A déterminer. Quand 
inoculation est pratiquée sur de jeunes sours avee des doses intra nasales faibles, qui 
permettent d’obtenir un retard dans l’apparition de la résistance spécifique, on dispose 
d’une période de plusieurs semaines of il est possible d’¢ tudier les modifications qui résul 


tent de la transition entre la résistance naturelle et la résistance acquise 


ichnowle dgme nis 
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INTRODUCTION 


Previous in vivo studies using mice have shown that the suppressive action 
of isoniazid is inversely proportional to the size of the infecting dose of Myco 
hactervum tuberculosis var. hominis (HS7Rs (1) The results of these 


studies suggested that virulent tubercle bacilli (HS7Rv) might produce and 


possibly liberate into their environment a substance which would reverse the 


tuberculostatic action of isoniazid 

Further studies were done in which the im vitro bacteriostatic activity of 
isoniazid was determined when using inocula containing different numbers ot 
organisms of the H&37Rv strain. It was found that the growth of very large 
inocula was inhibited much less by isoniazid, again suggesting that large num 
bers of organisms might be able to withstand the deleterious effect of isoniazid 
by producing some substance which would inactivate this compound, This same 
relationship has been noted between penicillin and penicillinase producing 
strains of staphylococe: (2-4) 

The present report covers in detail experiments designed to show the rela 
tionship between the size of the inoculum and the bacteriostatic action of Iso 
niazid. In addition, experimental results are presented which show that an 
“anti-isoniazid” substance is produced by several species of mycobacteria and 


one strain of Escherichia coli 


MATERIALS AND METHODS 


Strains: Since the H37Rvy strain multiplies very slowly, the isoniazid susceptible sap 
rophyti« fast growing strain 607, was employed as the test organism to determine the 
inactivation of isoniazid. In later experiments the strains H37Rv and M. philer were also 
used to check the results obtained with the 607 strain, Filtrates were obtained from eul 
tures of strains 607, H37Rv, H37Ra, M. phlei, H37Rv made resistant in vitro to 5.0 me 
of isoniazid per 100 ml H37RwR isoniazid) and EF. coli 

Suspensions of mycobacteria used as inocula for the bacteriostatic tests were prepared 
and standardized as previously deseribed (5 

Preparation of isoniazid dilutions: The various concentrations of isoniazid were pre 
pared by making twofold dilutions in a modified Proskauer and Beck medium (5) from a 
100.0 mg. per 100 ml. solution. The first volume of each dilution was 5.0 ml., and steriliza 
tion was carried out in the autoclave, using a pressure of 15 pounds for twenty minutes 
All sets of isoniazid dilutions were used within three or four days after preparation, since 
isoniazid tends to break down in this medium upon prolonged standing (three weeks) at 


room temperature 


‘From the Department of Bacteriology Northwestern University Medical School 
Chicago, Illinois 
? This study was aided, in part, by a grant from Parke, Davis & Company Detroit 
Michigan 
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P eparation of filtrate Filtrates of cultures of 607 were used in the earlier experiments 


and the findings were used as a guide for the testing of filtrates of cultures ol 


H37Rv, H37Ra, MV. phler, H37RVR isoniazid, and coli after it had been determined 


that the “‘anti-isoniazid”’ activity was the same in filtrates as in the supernatants of cen 


trifuged cultures. All filtrates were prepared by filtering the cultures through either Mand 
ler or ultra-fine sintered glass filters. The pH of the filtrates was me wured with a Beckman 


electrometer. Unless otherwise noted, 1.0 ml. of the sterile filtrate was iseptically 


to each dilution of isoniazid, the tubes were inocul ited with 10°? me test organ 
ism. and were incubated at 37°C. The tubes were inspected daily for six days to determine 
the bacteriostatic end point when the 607 and MV. phlei strains were used as test organisms 
and were inspected weekly for three weeks when the H37KRv strain was employed 


Preparation of cell extracts: Kight- day cultures of strain 607 and thirty day cultures of 


strain H37Ra were filtered separately through coarse sintered glass 


with large volumes of double distilled water. The cells were then placed in a 200 mi. cen 
te buffer pil 7.0 


filter und washed 


trifuge bottle and mixed with glass powder and enough 0.01 M phospha 
to make a thick paste. Steel balls were sdded to fill one-fourth of the bottle, and the cells 
were ground for sixteen to eighteen hours at 4° using a ball mill housed in a refrigera 
tor. After adding a small amount of buffer and removing the steel balls the mixture was 
centrifuged at 5,000 r.p.m. for one hour in a Spineo Model L. ultracentrifuge the super 


natant. was removed and centrifuged again at 10,000 r.p.m. for fifteen minutes, The super 


natant from this centrifugation was used to add to the isoniazid dilution 


RESULTS 


The effect of the size of the inoculum of three strains of mycobacteria, H37hy, 
607, and M. phle:, on the bacteriostatic activity of isoniazid is presented in 


table 1. The two largest inocula of each of the organisms were much less sus 
ceptible to isoniazid. The organisms (H37Rv) of each inoculum growing in the 


highest concentration of isoniazid were subcultured and their susceptibility to 
isoniazid was determined. They were found to be as susceptible as the orginal 
inoculum 

In table 2 are listed the results obtained when filtrates taken from cultures 
of 607 and H37Rvy of different ages were added to dilutions of isoniazid. The 
values in the table represent the ratio between the least amount of isoniazid 
which in the control series ol tubes completely inhibited growth and the least 


TABLE 1 
Tue Errecr or rue Amount or INocULUM ON THE TUBERCULOSTATE 
Activity OF IsONIAZID 


Least Amount of Isoniazid in Mg. per 10 
Inhibited Growth 


Amount of Inoculum 
ain of M ycobactertuem 


2.! 
0.78-3.10 2 
0.19-0.04 
0.09-0.04 Ol 
OOS 
No growth 
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TABLE 2 
Tue ov TAKEN FROM CULTURES OF M. AND 
\eren Pentonos or Incusation on THE Bacrerto 
or Tsontazip ror M. 607 


amount of isoniazid which completely inhibited growth in the tubes to which 
filtrate had been added. The least amount of isoniazid needed to inhibit growth 
in the isoniazid series of tubes to which filtrate had been added was divided by 
the least amount of isoniazid needed to inhibit growth in the control isoniazid 
series. This gives a value which represents the fold decrease in the bacteriostati 
activity of isoniazid produced by the addition of the filtrate. The fold decrease 
as given in the table was determined from the bacteriostatic end points obtained 
on either the third or fourth day of incubation 

With increase im age ol the cultures, Progressi\ ely more “anti isoniazid” sub 
stance was released until a certain time, approximately four weeks with the 
607 strain and eight weeks with H37Rv. Thereafter, the amount of “anti 


isoniazid’ substance gradually decreased. Experiments performed with filtrates 


of cultures of M. phlei and 137Ra gave similar results: a 64 to 128 fold decrease 


in approximately four weeks with M phler filtrates and a 32 to 12s fold decrease 
in four to eight weeks with H37Ra filtrates. As 607 and M. phlei multiply at a 
much faster rate than H&37Rv and H37Ra, one would expect the highest con 
centration of the “anti-isoniazid” substance to appear at an earlier time than 
it would in cultures of HS7Rv and HS7Ra 

The filtrates obtained from cultures of the isoniazid-resistant straim did not 
antagonize the bacteriostatic action of isoniazid to as great a degree as the fil 
trates obtained from cultures of the isoniazid-susceptible strains. There was a 
i to & fold reduction in bacteriostatic activity of isoniazid with 7 filtrates of 


cultures which varied in age between thirty-five and ninety-nine days 


108 
( ulture hactertur 
‘ Fold Decrease Isoniazic 
eriod of | t rewfuce 
Days of HA7Ry Filtrate y Filtrate 
7 0 3 ) 
2 6 
Q 16 4 16 
64 9 16 
12s b2 44 
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- 
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Similar experiments were conducted using filtrates from cultures of bk. coli 
an organism which is normally highly resistant to isoniazid since a concentra 
tion of 25.0 mg. or more per 100 mil. is needed to inhibit growth. Filtrates ob 
tained from cultures of this organism which had been grown mn Proskauer ind 
Beck medium and varied in age between three and twenty-eight days deere ised 
the bacteriostatic activity of isoniazid for the 607 strain from 16 to 64 fold The 
oldest filtrates were only slightly more active than the youngest 

The decrease in isoniazid activity on adding varving amounts of the filtrates 
to the isoniazid dilutions is shown in table 3. The amount of isoniazid which 
completely inhibited growth depended upon the amount of filtrate which was 
added. since 0.1 ml. of the filtrate added to the isoniazid dilutions had no effect 
on the bacteriostatic activity of the compound while larger amounts of titrate 
progressively inactivated more isoniazid 

The “anti oniazid’”’ substance appeared to inactivate isoniazid fairly rapidly 
Dilutions of isoniazid to which had been added active filtrates ol OO7 and H37R 
and which were inoculated immediately with the test organism gave the same 
reduction of isoniazid inhibition of growth as dilutions of isoniazid contaming 
the same active filtrate which were incubated at 37°C. for twenty-Tour to seventy 
two hours before inoculation with the test organism 

Attempts to increase the yield of the “anti-isoniazid”” substaner by growing 
cultures of strains 607, H37Rv, H37RvR-isoniazid in the presence of a sub 
bacteriostatic concentration of isoniazid (0.001 mg. per 100 mil.) failed The 
concentration of isoniazid was increased in cultures of H37RvR-isoniazid to 
as much as 5.0 mg. per 100 ml. without obtaiming an inerease in the antagonists 
activity of the filtrate 

The hvdrogen ion concentration of the culture medium appeared to have 


little influence on the production of the “anti-isoniazid”’ substance biltrates ol 


cultures of 607 grown at pli 90, S070, 6.0 and 5.0 all reduced the bacteno 
static activity of isoniazid 64 fold with the exception of the culture grown at 
pH 9.0. The filtrate from this culture reduced the bacteriostatic activity only 
16 fold. Moreover, the pT of active filtrates ranged from pH] 5.5 kK. coli) to 
pH SS 


TABLE 3 
From or Mycosactenium 607 
rk Bacrentostaric Activity or Tsoxtazip 


ror Mycosnacteniom 607 


pe 
q 
H37Rv, H37Ra 
ource of Filtrate a 
Amount of Filtrate Adee HOR Day Culture Day Culture 
to Isoniazid Dilut 
20 6412S H4 12s 12s 
4 
4 
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TABLE 4 
Tue erect Heat on tue Anti-Isontazip Activiry oF FILTRATES 


yrom Covrunes ov 607, H37Rv, H37Ra, ann M. Pures 


bold Decrease Activity of Isoniaz 


om 0 is 0 32 
5 16 
Control (room temperature 0 $2 32 64 


The results obtained when M. phlei and H37Rv were employed as test or 
yanisms to determine the reduction in the bacteriostatic activity ol isoniazid 
following the addition of active filtrates were similar to those obtained with 
the 607 strain 

Some indication of the chemical nature of the active substance was obtained 


from the results of the following four experiments 


Active filtrates from cultures of 607 and H37Rv were dialyzed against three changes 
of double distilled water for eighteen to twenty-four hours at refrigerator tempera 
ture. The contents of the dialysis sacs were then sterilized by sintered glass filtration, 
added to isoniazid dilutions, and inoculated with a suspension of 607. These materials 
antagonized the bacteriostatic activity of isoniazid to the same degree as the original 
nondialyzed filtrates 

Active filtrates from cultures of 607 and H37Rv were treated with an active 
preparation of the proteolytic enzyme, crystalline trypsin. One milligram of trypsin 
was added to 20.0 ml. amounts of filtrate, the pH of whi h was 8.0. The mixtures 
were sterilized by sintered glass filtration, allowed to stand overnight at 37°C and 
were then added to the isoniazid dilutions and inoculated with 607. The “anti-iso 
niazid” activity of the filtrates was reduced 4 to 16 fold by this treatment 

The effect of heat on the activity of the “anti isoniazid” substance was deter 
mined. The results are listed in table 4. The susceptibility to heat depended on the 
source of the filtrate. The “anti-tsoniazid” substance was the most heat-susceptible 
in filtrates from cultures of 607; less susceptible when obtained from cultures of 
1137 Ra. even more resistant from cultures of H37Rv, and most resistant to heat from 
cultures of M. phle Fairly consistent results were obtained from repeated deter 
minations with all of the filtrates except those from cultures of H37Rv (table 4 

\ filtrate of a 31-day-old culture of H37Rv was pre ipitated with saturated ammo 
nium sulfate solution. The supernatant and the redissolved precipitate were dia 
lvzed overnight, sterilized by sintered glass filtration, and added to the isoniazid 
concentrations. The “anti-isoniazid” substance was found solely in the pre ipitated 
fraction 

To determine whether the “anti-isoniazid” substance was present intracellularly 


as well as extracellularly, sterile aqueous cell extracts prepared from eight-day 


lemperature ‘ ti Tne Minute Strain of M ycobactertum 
HATR Hi7Ra Phle 
Ww 16 
5 0 16 16 Ht 
15 s 2-4 
w > 16 2 32 
a 
4 
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cultures of 607 and from thirtv-day cultures of H37 Ra’ were added to isoniazid dilu 


tions ind mock ited with 607 It was found that these extracts antagonized isoniazid 


inhibition even more than the filtrates of cultures of these organi! One milliliter 
of the extract from cultures of G07 decreased isoniazid inhibition by 1,024 to 4,096 
fold, O.1 mil. deere d inhibition by 1,024 to 4,096 fold, 0.05 ml. by 256 to 2,048 
fold. and 0.01 ml. by 2 to & fold. One milliliter of the extract of cultures of H37Ra 
decreased isoniazid inhibition by 128 to 2.048 fold, and 0.1 mil. decreased it by 256 
fold 


The active substance in the extracts of these two organisms was found to be non 


dialvzable. The “anti-isoniazid”’ activity of the 607 extract was reduced 4 to 16 fold by 
trypsin and was almost completely inactivated by heat at 90°C. for e minutes 
In addition, the “anti-isoniazid” substance appeared to be destroved by a hydrogen 
ion concentration of pH 2.0 in both filtrates and extracts of culture 


From these findings the “anti-isoniazid”’ substance appeared to be a soluble 
intracellular substance which was either exereted into the culture medium 
during growth and multiplheation of the organisms or was liberated into the 


medium following autolysis of the mvcobacterial cells 


DISCUSSION 


\ substance has been found both in filtrates and in extracts of cultures of 
mvcobacteria and in one strain of FE. coli which is antagonistic to the inhibitory 
action of isoniazid on the growth of mycobacteria. The precise chemical nature 
of this “anti-isoniazid” substance is as yet undetermined. Nevertheless, it has 
been found to be nondialyzable, relatively heat-labile, partially inactivated by 
crystalline trypsin, destroyed by an acid pl (pH 2.0), and to be precipitated 
by ammonium sulfate. These findings suggest that the active substance may 
be a protein and possibly an enzyme The nondialyzable property of the active 
substance and the fact that it was precipitated by ammonium sulfate would 
indicate that the activity was not due to compounds such as keto acids or pyri 
doxine (6-9). The possibility has not been excluded, however, that some other 
metabolite such as a porphyrin (10) might account for the “anti-isomazid” effect 

Before too much significance is attached to the finding that the isonimazid- 
resistant strain of H37Rv produced less of the tsomazid-inactivating substance 
than did the isoniazid-susceptible strain of H37Rv, more strains of M. tuberculosis 
var. hominis, including strains made resistant to isoniazid both im vitro and 
in vivo, should be tested for their ability to produce the “anti-isoniazid” sub- 
stance 

Apparently there are chemical differences in the “anti-isonazid” substance, 
depending on the source of the inactivator. Although filtrates of cultures of 
VM. phlei were just as active in reducing isomazid inhibition as filtrates from 
cultures of 607 and H37Rvy, the “anti-isoniazid” substance present in the M. phle 
filtrate was heat-stable. Even more pronounced differences may be encountered 


between “anti-isoniazid’’ substances produced by other bacteria 


The H37Ra extract was kindly supplied by Dr. Irving Millman 
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SUMMARY 


The demonstration that very large numbers of mycobacterial cells were less 
susceptible to the bacteriostatic action of isoniazid than smaller numbers led 
to the finding in filtrates of cultures of the mycobac terial strains H37Rv, H37Ra, 
607, and phler of a substance which inactivates isoniazid. The substance reduced 
the bacteriostatic action of isoniazid by 2 to 512 fold, depending upon the age 
of the culture from which the filtrate was taken. Aqueous cell extracts prepared 
by grinding cultures of 607 and H37Ra reduced the bacteriostatic activity of 
isoniazid 128 to 4,086 fold. An “anti-isoniazid” substance also was present in 
filtrates of cultures of FE. col 

Results are also presented which describe some of the conditions under which 
the “anti-isoniazid’” substance is produced and which influence its activity 


\ stram hy made resistant m to isoniazid produced very little 


of the “anti-isoniazid” substance 


BStUMAKIO 


La Inactivacion de la laoniacida por Filtrados Ertractos de VM ferias 


Il deseubrimiento de que cantidades muy grandes de células micobacterianas eran 
la accion bacteriostética de la isoniacida que eantid ides més pequefias 


menos susceptible 
cultivos de las cepas micobacterianas H37Ryv. 


condujo al hallazgo, en filtrados de 
OOF y phler, de una substaneia que inactiva la isoniacida. La substancia rebajo la acewn 


bacteriostética de la isoniacida en 2 a 512 veces conforme a la edad del cultivo del cual se 


tomd el filtr ulo Los extractons celulares acuosos prepar tritur cultivos cle 


H37Ra redujeron la actividad bacteriostatica de la isoniacida 128-4086 veces. En los filtra 
dos de los cultivos de BE. coli tamlnén habia una anti isoniacida 

Se presentan también resultados que des riben algunas de las condiciones en las cuales 
ae produce la substancia “anti toniac idica’’ que afectan su tividad 
Una cepa (H37Rv) convertida in vitro en resistente a la isoniacida produjo muy poca 


substanecia isoniacidica.”’ 


ME 
L' inactivation de Uisonia ide par les filtratsa et extraita de muycobactéries 


La démonstration d'une moindre sensibilité l’action bactériostatique de |’isoniazide 


des trés grandes popul stions de cellules mycobacténennes par comparaison aux populations 


plus réduites a amené a découvrir dans les filtrats de cultures de sou hes mycobact énennes 


iH et phlei d'une substance réduisant de 
la culture A partir de laquelle le filtrat étart obtenu 


2 512 fois action bactériosta 


tique de lisoniazide, lon VAage de 
Des extraits aqueux de cellules obtenus pat broyage de cultures de soue hes 607 et H37Ra 


réduisaient de 128 A 4.086 fois lactivité de isoniazide. Un “anti-isoniazide”’ était égale 


ment présent dans les filtrate de « ultures de E. coli 


L’auteur présente également les données démontrant certaines des conditions dans 


lesquelles la substance “anti isoniazide”’ est produite et qui influencent son activité 
La production de la substance “anti isoniazide” par une souche H37Rv rendue résistante 


A lisoniazide in était tres faible 
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INTRODUCTION 


Recognition of tuberculosis as the outstanding single menace to the health of 
a monkey colony is well supported (1, 2). During a two-year period in the lab 
oratories of the Yale University School of Medicine, a tuberculosis incidence of 
approximately 30 per cent of the monkey colony Was reported (3). During a 
three-year period at the National Institute of Health, one third of all monkeys 
received dev eloped tuberculosis (4 

The present report presents the observations of a tuberculosis outbreak which 
occurred during February to May of 1953, in the Macaca mulatta (rhesus) col 
ony of the Radiobiological Laboratory of the University of Texas and the United 
States Air Force at Austin, Texas. The magnitude of this outbreak warranted 


disposition of the entire colony 


HISTORY OF THE OUTBREAK 


The incidence of tuberculosis prior to January, 1953, is not known, as vital 
colony data for this period were not accurately maintained. It is known, how 
ever, that tuberculous animals were discovered at autopsy prior to January, 
1953, although the present writers were unaware of any instances in which tu 
herculosis was diagnosed ante mortem during this period 

In January, 1953, the concentration of tuberculin utilized for the intrapalpe 
bral test was increased over that previously used as a measure to improve its 
diagnostic value. The new dilution was administered to one monkey which had 
exhibited a negative response to previous tuberculin tests but had displayed 
suspicious roentgenographie findings twenty-one days previously This animal 
now exhibited a positive reaction to tuberculin, [t was sacrificed in February for 
autopsy and displayed extensive miliary tuberculosis, confirmed through bacte 
niologu demonstration of the tubercle bac illi 

The maximum colony strength in February was 303 monkeys. Roentgenog 
raphy and intrapalpebral tuberculin tests were given all monkeys. No positive 
ante-mortem diagnoses of tuberculosis were established on the basis of reontgen 
ographic findings. A positive response to tuberculin was observed in 17 monkeys 
One of these animals exhibited negative findings, and the remaining 16 were di 
agnosed as tuberculous at autopsy. Two monkeys which had exhibited negative 
tuberculin reactions were proved tuberculous at autopsy. The correlation of pos 
itive tuberculin reactions with confirmed tuberculosis at autopsy was approxi 
mately 84 per cent in this group 

The maximum colony strength in March was 288 monkeys. The intrapalpebral 


' From the Radiobiological Laboratory of the University of Texas and the United States 
Air Foree, Austin, Texas 
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tuberculin test was administered to each animal. Positive responses to the tu 
berculin were observed in 12 monkeys. These animals were sacrificed, and tuber 
culosis Was confirmed on each following Post mortem examination The correla 
tion of positive tuberculin reactions and positive autopsies in this test group was 
100 per cent 

The maximum colony strength in April was 277 monkeys. The intrapalpebral 
tuberculin test was administered on April 7. Positive reactions to the tuberculin 
were observed in 24 animals. A second colony-wide tuberculin testing was accom 
plished on April 27. In this test, 11 positive reactors were observed. All positive 
reactors in the April 7 test were sacrificed prior to the April 27 test. Tuberculo 
sis Was confirmed in each of the 35 monkeys which exhibited positive tuberculin 
reactions. Tuberculosis was also diagnosed in one monkey which had exhibited 
a negative tuberculin reaction on the April 27 test. This monkey was sacrificed 
because of suspicious roentgenographic findings and associated illness. The cor 
relation of positive tuberculin reactions and positive autopsies in the April tests 
Was approximately 97 per cent 

The maximum colony strength in May was 223 animals. All positive reactors 
observed in the April tests were sacrificed prior to administering the intrapalpe 
bral tuberculin test in May. Positive responses to tuberculin were observed in 
21 monkeys in this test group. Autopsies on most of these monkeys were not 
accomplished in this laboratory and, therefore, post-mortem diagnoses are not 
accurately known; therefore, data on these are omitted from further considera 
tion. With the exception of a group ol 15 monkeys, all remaining animals in the 
colony were shipped elsewhere and eliminated, Since the experimental value of 
the group of 45 monkeys necessitated their perpetuation, they were moved to 
special isolation quarters and placed on therapy with streptomycylidene isonico 
tiny! hydrazine sulfate? (5). When moved into isolation, approximately 44 per 


cent of this group exhibited positive responses to the intrapalpebral tubereulin 


test. Apparently tuberculosis in these monkeys has been satisfactorily arrested 


through therapy, as only one death attributable to tuberculosis has occurred in 
this colony during the eighteen months since therapy was initiated, This monkey 


died ninety-one days following initiation of therapy 


CLINICAL DIAGNOSDS 


Roentgenographic examination of each monkey in the colony has been an 
accepted procedure; however, it is of questionable value. In this outbreak, to the 
best of the writers’ knowledge, no positive ante-mortem diagnoses of tubercu 
losis based on the findings of roentgenography have been confirmed 

The intrapalpebral tuberculin test is the principal index of diagnosis of tuber 
culosis in this laboratory. The test as employed here since January, 1953, con 
sists of the intrapalpebral administration of O.1 ml. of a 1:10 dilution of Koch's 
Old Tuberceulin or 0.1 mil. of a 121.5 dilution of Standardized B.A.T. Mammatian 
Tuberculin, which provides an equivalent of 10 mg. of Koch's Old Tubereulin 
for each test. This test is similar to the tuberculin test recommended by Habel 


Supplied ax Streptohydrazid” by Chas. Pfizer & Co, In 
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(4), Kennard (3), and Schroeder (6) except that the tuberculin used in this lab 
oratory is of greater concentration. The tuberculin test used in this laboratory 


prior to January, 1953, was almost identical to that recommended by Kennard 


(3), which consisted of the use of a 1:100 dilution of Koch's Old Tuberculin, so 
that each test was accomplished with 1 mg. of Old Tuberculin 

A positive test is indicated by a marked erythema and edema of the eyelids, 
occasionally accompanied by a small area of necrosis over the site of injection. 
No adverse systemic reactions have been observed. A positive reaction is usually 
visible in twenty-four hours and may increase in severity for forty-eight to sev 
enty-two hours. If no reaction is observed within seventy-two hours, the test 
is considered negative. The extent of the reaction is generally immaterial if both 
erythema and edema are present, particularly during an outbreak of tuberculosis, 
and all monkeys thus showing sensitivity to tuberculin should be destroyed or 
otherwise promptly eliminated from any colony (6). 

The clinical diagnosis of tuberculosis in monkeys by methods other than those 


described has not proved to be practical in this laboratory 


DIAGNOSIS AT AUTOPSY 


‘Tuberculosis is as easy to recognize at autopsy in the monkey as in man (1). 
Diagnosis was established by gross observation at autopsy and stained smears 
of suspected material or stained tissue sections. The human strain of tuberculosis 


was identified in this outbreak. 


TABLE 1 


or 69 Macaca Mutarra Monkeys 


Number of Animals 


Lunges tH 
Larynx 
Pleura 
Liver 
Spleen 
Lymph nodes 
Hilar 
Mediastinal 
Axillary 
Mesenteric 
Retroperitoneal 
Inguinal 
(;astrourinary tract 
Kidneys 
Testes 
Epididymis 
Peritoneum 
Heart (endocardium 
Pane 
Bone (frontal 
Bone marrow 
Skin 
Muscle 


‘ 
Site 
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Occasionally, small lesions in the lungs resulting from invasion by the lung 
mite, Pneumonyssus foxi (7), may be mistaken for tuberculous lesions. However, 
such lesions can usually be distinguished grossly from tubercles (8 

Phe usual type of tuberculosis found has been the miliary form involving the 
lungs, spleen, liver, and less frequently, the lymph nodes, kidneys, peritoneum, 
gastrointestinal tract, skin, and bone (table | The findings in the present 
study are similar to those reported by Kennard (9). Caleification was not ob 
served, and little evidence was found to indicate that the disease was becoming 
naturally arrested 

Observations at autopsy revealed a very high correlation of the presence of 


gross evidence of tuberculosis with initial development of tuberculin sensitivity 


GENERAL COMMENTS 


Macaca mulatta moukeys are apparently highly susceptible to tuberculosis as 
evidenced by the rapid spread of infection and rapid development of lesions in 
the monkeys of this colony 

The tuberculin test employed has proved to be an effeetive indication of the 
presence of active tuberculosis in the monkey. No evidence of development of 
tuberculin sensitivity as a result of repeated testing has been observed. The find 
ings at autopsy were checked against the last tuberculin test performed. The 
correlation of tuberculin tests with autopsy findings in this study was approxi 
mately 94 per cent (table 2). This correlation approximates that reported by 
Habel (4) and exceeds that reported by Kennard and associates (1, 3) and 
Schroeder (6). The concentration of tuberculin used in this study was approxi 
mately twice that used by Habel and tenfold that reported by Kennard and 
Schroeder 

The correlation of negative tuberculin tests with the presence ol tuberculosis 
was not fully determined, as these animals were not sacrificed for autopsy follow 
ing any particular test period. Thus, the greatest source of inaccuracy in the 
tuberculin test is likely to be found in the false negative tests 

Due to a slight influx of new monkeys and the loss of many animals through 
research programs, it Was virtually impossible to determine the true incidence of 


tuberculosis in the colony. On the basis of presented data, a tuberculosis incidence 


of approximately 22 per cent existed by the end of Apnl. Evidence during the 
Py 


month of May indicated an incidence of approximately 30 per cent, which might 
well have increased if the colony had remained intact 


The procedure of tuberculin testing, with prompt removal and destruction of 


TABLE: 2 


oF Tests anp 


Number of tests administered 
Maximum strength of colon 
Tests positive rutopes promitive 
Tests positive negative 
Tests negative/autopsy positive 


Per cent correlation of tests and Lufopsies 
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positive tuberculin reactors in the colony, failed to alter the insidious course ot 

* the disease in this outbreak. However, this procedure has proved highly success 

ful to date in the present colony. This tends to suggest that the length of con 

tact with tuberculous monkeys is an important factor, and thus agrees with the 
conclusions of Habel (4 

No data are available on the length of survival following development of tu 

berculin sensitivity, as the majority of monkeys considered in this study were 


sacrificed within thirty days following such reactions 


st MMAKY 


The data presented reflect the severity of an outbreak of tuberculosis in a 
Macaca mulatta monkey colony during the period of February to May, 1953 

The tuberculin test, consisting of the intrapalpebral administration of LO mg 
of Koch's Old Tubereulin, was the principal index of diagnosis of tuberculosis 
and has proved to be highly effective. Observations at autopsy re ealed a 4 
per cent correlation between the tuberculin tests and the autopsy findings. No 
positive ante-mortern diagnoses of tuberculosis by roentgenography were con 
firmed in this study 

One group of 45 monkeys, 44 per cent of which exhibited positive responses to 
tuberculin, was moved to special isolation quarters and placed on therapy with 
streptomycylidene isonicotiny! hydrazine sulfate. One death attributable to tu 
berculosis has occurred in this group during the eighteen months sinee therapy 
was initiated. The disease apparently has not spread to other monkeys in the 
group. This has been indicated by routine quarterly tuberculin tests and by the 
absence of evidence of tuberculosis in 4 tuberculin-negative monkeys which died 


accidentally seven months following initiation of therapy 


SUMARIO 


Brote de Tuberculosis en una Colonia de Macacos Mulatta 


Los datos presentados reflejan la gravedad de un brote de tuberculosis en una colonia 


de monos de la espec Vacaca mulatta durante el periodo de febrero a mayo de 1053 


La prue ba de la tubereulina consistiendo en la administracion inti apal pe bral de 10 me 
de la Tuberculina Antigua de Koch, fué el prineip il indice de diagnéstico para tuberculosis, 
mostrandose sumamente eficeaz. Las observaciones hee has en la autopsia revelaron una co- 
rrelacién de 4 por ciento entre las reacciones a la tuberculina v los hallazgos autépsicos. En 


eate estudio, no se confirmé ningdn diagnéstico positive de tubereulosis, hecho ante mortem 


econ la roentgenogralin 
Un grupo de 45 monos, 44 por crento de los cuales manifestaron una respuesta positiva a 


la tuberculina, fué trasladado a un recinto especial de sislamiento y puesto a tratamiento 
con sulfato estreptomicilidémeo isonicotinilico de hidracina. Durante los dieciocho meses 
transcurridos desde que se iniciara la terapéutica, ha habide una muerte imputable a tuber 
culosis en este grupo \l parecer la enfermedad no se ha difundido a los otros monos del 
grupo, segdn indican la siste mAtica comprobacién trimestral econ tubere ulina y la falta de 
signos de tuberculosis en 4 monos tuberculino-negativos que murieron fortuitamente a los 


siete meses de la iniciacién de la terapéutica 


>- 
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RESUME 
Epidén e de tuberculose dans une colonie de Macaca mulatta 


Les données présentées traduisent l'importance d'une épidémie de tuberculose dans une 
colonie de singes Macaca mulatta pendant la période Février- Mai 1953 

Le test A la tuberculine, consistant en injection intrapalpébrale de 10 mg de tuberculin 
de Kock(OT), constituait l'indice prim ipal du diagnostic de tuberculose et il s'est montre 
extrémement effeace. Les observations d’autopsie ont révélé une corrélation de 04° entre 
les tests A la tubereculine et les lésions constatées a | Dans cette étude, il n'y a eu 
aucun diagnostic whiologique ante-mortem positif confirmé pour la tuberculose 

Un groupe de 45 singes, dont 44% présentarent une réaction positive A la tuberculine 
été transféré dans les quartiers d’isolement spéciaux et soumis au traitement streptomy) 
evlidéne- sulfate isonicotiny! d’hydrazine. Un décés imputable A la tuberculose s'est produit 


dans ce groupe, au cours des dix-huit mois qui se sont écoulés aprés Tinstauration de la 


thérapi La maladie ne semble pas s'étre étendue aux autres singes de ee groupe, comme 


ont indiqué le test A la tuberculine trimestriel systématique et l'absence de signes ce 
tuberculose chez 4 singes ayant une réaction négative A la tubereuline qui sont morts 


vccidentellement sept mois aprés le début du traitement 
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INTRODELCTION 


Numerous investigations concerned with attempts to develop serologic pro 


as aids in the diagnosis of tuberculosis have increased our awareness 


cedure 
ndieated 


of the complexity of the antigen-antibody systems involved and have 


the need for more speciiic test antigens (1 
Middlebrook and Dubos (2) and the 


have hot proy ed 


Although the hemagglutination test of 
subsequent hemolytic modification of this procedure (3 
provided means for studying the 


cessful as diagnostic techniques, they have 


of expermmentally infected animals and the sera of certain 
patients. For example, Dodd, Funkhouser, and Rheins (4) were able to demon 


strate the existence of heat-stable antibodies in the sera from rabbits injected 


eral strains of mycobacteria and purified protein derivative (PPD 


with se 


Hinson and associates (5 adapted ervthrocytes sensitized to Old Tubereulin 


(OT) to an indirect Coombs’ test and identified antibodies in human serum 


distinet from those measured by more direct methods 
conceded that intact erythrocytes adsorb carbohydrates 
modified cells by treat 


Since it is generally 


more readily than protems, Boyden (6) and Meynell (7 


ment with tannic acid in order to remove protein antigens from PPD (Wey 


bridge) and from extracts of bacillary masses 
Phe present paper describes the experimental results of testing tuberculous 


rabbit sera with erythrocyte suspensions which had been sensitized by succes 
came OT and the effects of tanning on the adsorptive 


sive adsorptions ol the 


capacities of cells for certain antigens present in OT and PPD 


AND METHODS 


MATERIALS 


\ hen agglutination teat and the hemolytic modification: The details of the technique + a8 
7 employed in this laboratory have been reported elsewhere (8S), but consisted essentiall 
7 of treating O. Limi. of washed, packed sheep erythrocytes with 6.0 ml. of a 1:15 saline (buf 
fered to pH 7.4) dilution of OT* for two hours in a 37°C. water bath. The cells were thrice 
4 washed with buffered saline and prepared as a O.5 per cent Us pension Two drops of the 
‘i sensitized cell suspension were added to each tube in a series containing an equal quantit 

of a doubling saline dilution of the serum to be tested. The cell serum mixtures were agi 
7 tated, mmcubated in a 37°C. water bath for thirty minutes and, after light centrifugation 
the result vere read) The last serum dilution in which definite imuregates were observed 
ulter gentle agitation was recorded as the end point of the titration 
the partment of Bacteniolog The Ohio State University, Columbu 
ol \ International Standard) was kindly supplied by Dr. H. D. Piersma, Lederle 
‘4 Laboratories Division, American Cyanamid Corporation, Pearl River, New York 
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In order to gain mformation regarding the ol antigen 
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antigenicity 


subsequently tested for their 


Four milliliter diluted OF 


Th | for two how the cell epal 


ron for y 


while the 
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the hemagg hemeolyt 


the mycobacteria 


Phe complement employed tor the lytie demonstrations was diluted 1:9 with 


hown that il chiltition comntamed 


preliminary experiments had 
Which reacted with cells 


of complement 


sensitized with the eon 


naturally occurring antibody 
titration 


centrated OFT Phe higher 
as demonstrated by 
peciie antigen against 


ne of 


dilution 
end points comparatl tests ve ad orptlion ol 
vhich the antibody im guinea 


OT rapidly removed the 


pig serum Was directed 
In addition to te sting sera thacti ated and adsorbed in the usual manner 
to determine if 


aliquots ot each sample were heated at 70°C. for ten minutes 


Dehydrated pooled guinea pig complement was purchased from the Texas Biological 
Laboratories and reconstituted as directed 


1 
The modification of this test w conducted preepse the 
4 
test above, except that one drop of al sline dilutior pigs comple 
trent twiee adsorbed at retrigerator temperature tor twent itt ne tentl 
of packed rma heep ee vidled to ench tube f the teat The t «hilu 
tron of serum mn hich the sere complete milatter meubation the 
he procedure for the er tization of sere thodiftved trom the sheave 
vill be desernthbed in the text 
in the refrigerator. the emoved 
were clanihed entrifugation. All sera were diluted 1:2 with buffered 74 cline 
heat mactivated at ¢ or thurt nad adsorted ith one 
ol packed ee t each ad thirt torer norm occur 
ring prior to forage it mone needed 7 
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yenert f the pensions Was accomplished means of agitation 
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tistindl il inter il 
| Parke, Dn 
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op 
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TABLE | 


Tue or Succewsstve Apsonptions or OT ON THE SENSITIZATION 


or 


2 048 


eat stable hemolyar 


the repeated adsorptions had removed the antigens responsible for the demon 
stration of heat-stable antibodies (4). The sera were chosen with concern only 


for their high titers against cells sensitized according to the usual procedure 


and no effort was made to equilibrate antibody content by dilution 


As may be seen in table | there was generally a progressive decrease in sero 


logic titers as cells trom stuccessive adsorptions | through were tested; the 


hemolytic activity ol the sera inactivated in the usual manner diminished most 


rapidly. As cells from the remaming adsorptions were tested, serologie activity 


was regained except in instances of serum prepared agaist 


Repeated nd orptions ol at room temperature and at resulted itt 


identical with those just described 


serologic patterns simular to boat 


/ rperements with Tannie Acid 


7 As mentioned previously, Boyden (6 demonstrated enhanced agglutinin 

titers with tuberculous sera if ervthroeytes were treated with tannir acid priot 
to their sensitization with PPD (Weybridge). Since neither Boyden nor Meynell 
7) referred to titrations with hemolysis, it seemed advisable to determine i 
t such chemical treatment of cells would alter their capacity to adsorb the antigen 


or antigens present in OT or PPD which were responsible for the lyti demonstra 


diluted to 1: 10.000 with bul 


According! tannie acid (Mallinekrodt, Fluff 


One milliliter of this acid solution was mixed with O.1 mil. of 


- 
Antiger 
Antisera Antibody 
: Tested tized by the Corresponding Adsorption of Undiluted OT 
tration ensitized 
‘ HA. 2 6 4 2; 2 
tubercu wea os $12 512 7) $12 512 128 
HA Wi 12s 2 512 256) 128 2 2 
HA 
a 
Titers expressed as reciprocals of dilutions emolyet hemagglutinin 
j 
‘ 
fered saline (pH 7.4), 


ANTITUBEROULOUS ANTIBODIES 


TABLE 2 
Serotogie Trrens of Tesren wrre Norwat anp 


Eryrurocyres Sensirizen wrrn OT ann PPD 


Norma cell aith 
1: 1S OT, two hours ; 
Tanned cells treates sith 
1:15 0T, two hours 7 
Normal cell treated sith 
O45 me of PPD. thirt 

{ 
Normal cells treated with 
me ot PPD. one hour 


it Aa 


Tanned cells treated vith 


O45 mg. of thirt 


minutes at Ja ¢ 


packed sheep cell md incubated for ten muinute suter bath. after which 
the cells were washed three time vith tine and treated with either 1:15 OT (60 


ml.) or LOml. of PPD (Parke Davi contamimng O45 mg. of PPD per ml. The inter 


of treatmen idicated below. Normal sheep cells were sensitized in a similar 


manner. The sera se d for testing were chosen without regard to the time lapse 


between the injection of antigen and the procurement of the blood sample 


The results recorded in table 2 indicate that tanning of cells apparently had 
no effect on their capacity to adsorb antigens from PPD, nor did sensitization 
for one hour result in serologic re SpProtine different trom those observed after 
thirty minutes’ sensitization. The hemolytic titers demonstrated with tanned 
cell sensitized with OF approximated those found with the tandard pro 


cedure The agglutinin titers. however vere either markedly decreased of 


absent The serologic titers observed with PP))-treated cells bore no relation 


ship to the results found with tanned or normal cells sensitized vith OF 


The Te fing of Sera Obtained at Intervals with Normal and Tanned Cell Treated 
with OT and with PPD-Sensitized Kruthrocyte 


In iow of the above data and the erologic: pattern reported is the result 


j 


ol titrating sera collected at interval $1), the cell 


uspensions just described 
were tested with obtamed by bleeding the animal VeokKl\ 

Phe results (table 3) 1 ly verify the independence of the various hemols 
sins and agglutinins but the differenes i a ennphias ize the effect that time ha 
on then appearance and titer 

Qn the basis of a comparison betweet hown with O'P-sensitized and 


PPD)-sensitized irbitrary: grouping Vas \nitisern 


Rabbit Antisera 
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observed with the OT antigen. The lvtie titers of the anti-Ravenel sera tested 


vith PPD-sensitized cell tae paralleled the hemolytic titer found 


with OVP -treated cell and mm ascent 


\ll ra tested -sensitize tanned cells resulte titer ip 


Il 
proximately equa those touned the standard antigen. In general 


the agglutinin titer vere again of a low level and agreed im trend with those 


found mi simular test Which PPD-treated ervthroeyvte vere used as antigen 


salve ‘ data | na orption vith heep 


cells do not completels j ‘ the polysaccharide from Old 


eulin thy vhich thy i | anid the 


demonstration of other om employe iter ad oOrptlions em 
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antigenic mixture in OT for the same or similar sites on the erythrocyte. Con 
ceivably, the carbohydrate antigens in OT differ both qualitatively and quanti 
tatively and, therefore, are not adsorbed by sheep cells at the same rate. During 
successive adsorptions, the preferential removal of some antigens permits the 
late demonstration of those remaining. In addition, serologically nonreactive 
substances may be adsorbed to the erythrocytes and these may influence not 
only the total adsorptive capacity of the cell but also the rate at which the anti 
yens may be removed trom the muxture 

In any event, the usual techniques utilized for OT-sensitization of cells ap- 
parently prohibit the demonstration of many antibodies probably present i 
tuberculous sera 

The failure of this particular anti-H37Rv serum (see table I to exhibit: pat 
terns resembling those observed with the other antimveobacterial sera is at 
tributed to antibody deficiency, since the sera from other animals tested more 
recently reacted typ ally 

The tanning of cells prior to sensitization with OT does not result in altered 
adsorption of antigens responsible for lytic demonstrations Tanned cells, how 
ever, apparently are either unable to adsorb the entire complement of agglu 
tinogens from OT or adsorb agglutinogens different from those removed with 
normal cells (see table 2 

The capacity of cells to adsorb antigens from small quantities of PPD (O45 
mig. per mil was not altered by previous tanning It should be noted that 
ne effort was made in this preliminary study to determine the quantity of PPD 
necessary for optimal sensitization. With regard to the results of Boyden and 
Mevnell, it should be pointed out that these investigators examined the com 
mercially prepared PPD (Weybridge), while the PPD employed in this study 
was provided by Parke, Davis & Co Differences in the techniques of tanning 
and the quantities of PPD used to sensitize cells, as well as probable variation 
in the carbohydrate content of each product, may account for the apparent dis 


crepancies in results. Moreover, no attempt was made to minimize or eliminate 


polysaccharide by dilution so that protein alone could be adsorbed by the 


tanned cells 

Lhe impaired or altered capacity of tanned cells to remove agyglutiogerns 
from OT is reflected in all titrations. The erratic demonstrations of the corre 
sponding agglutinins suggest that these antibodies differ from those revealed 
by the usual methods. A gross similarity between agglutinin patterns seen with 
tanned OF sensitized cells and PPID)-treated normal cells has already been 


st MMAKY 
Successive adsorptions of Old Tubereulin (OT) with sheep cells permite the 
demonstration of antibodies in tuberculous sera which probably are directed 
against antigens not deter ted by the usual sensitizing procedures 
Tanned and normal sheep cells adsorb Ivtre antigens trom yl equally well 


but the adsorption of agglutimogerns ts different 


a 

mentioned 


STUDIES OF ANTITUT ULOUS ANTIBODIES 


The tanning of cells does not affect the adsorption of antigens from small 


quantities ob protein derivative PPD 


St MARIO 


le Tubereulina Antigua (TA) permiten deseubrir anticuerpo 
probablemente contrarrestan antigenos jue no distinguen los 
ensibilizante 
normales de ove idsorben los antigenos litieos de la TA igual 
ln ce itindégene 


no ateeta | de antigenos de pequehas ¢ intidades 


purtheado (DPP 


wlsorptior \ tuberculine de hoch bules de mouton permet 


de démontrer « iberculeu hit resence d'art qui ont pre 


ment dingés contre pas te décelés par les procédés de sensibilisation 


istic is 


lu nor Sfannes et normaunx adsorbent de la méme maniere les antigénes 
de 7 idsorption des ylutinogenes est different 


Le tannage de le naflecte wisorption d'antigene rovenant ce wetites 


juantités de dérivés p ws purifiés (PPD 
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A PHYSIOLOGIC AND CLINICAL STUDY OF FAILURES IN 
VITAMIN A METABOLISM IN TUBERCULOUS PATIENTS 


HORACH Ko GETZ 
tecerved for publreation 1054 


INTRODELCTION 


Malnutrition has long been considered an important hactor in susceptibility 
to tuberculosis, but the exaet nutritional defects asso iated with decreased 
resistance have not been precisely defined. Sear h for a better understanding ol 


the role of nutrition in resistance to tuberculosis became possible only when 


were developed for the principal nutrients found im the body 


defimrencies in tuberculous 


necurate test 
Within recent years certain speeiie nutritional 
Although tests for the measurement of all im 


patients have been recognized 
ailable to demonstrate that 


portant nutrients are not at hand, enough are a 


tuberculous patients are worse off nutritionally than nontuberculots persons 


in several respects, and that the more extensive the disease, the larger the mum 
ber of nutritional defierencies and the greater their severity. Deficreney im vita 


min A and vitamin © blood concentration has been found in both minimal and 


moderately advanced tuberculosis. tar advanced tuberculosis not only are 


the concentrations of these vitamins lowered, but decreased values are found 


for albumin, hemoglobin, caletum, and phosphorus (1 


Conceivably. low blood concentrations of specific mutrients found on tuber 


eulou pratie could ienuse ora result ol the In 


tion of eleven hundred orginally nontuberculous patients studied during a 


period of years, low blood concentrations of vitamins A and correlated with 


the development of tuberculosis (2 In these eases nutritional deficieney clearly 
preceded the development of tuberculoss 

It was believed that further light could be thrown on this problem by ibolish 
a group ol tuberculous patient by artifvenal sup 


ing nutritional 
inal 


plementation of their diet with the substances in which their tissues 

were deficient. The clinical progress of these patients could then be compared 

with that of patients in an otherwise simular group to whom no nutrient supple 

ments were given \ long-range study with thi objective has been under way tor 
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idimitted to the hospital, The majorit I! 
twenty to torty tive ears of age All were kept on dhet 
matel per da or to ire a weight ineluded a 
tllowance of 120 gn f protein. It was estimated that, in gener the patients co immed - 
proten ra drank at least ninees of tresh orange 
— the calorie value of the diet was lowered by re : 

was strict bed rest, and this was rigidly in all patients admitted to thi stud 
Need! te chemotherap ot thee sate and effeetive re 
gimet ot bee established 
Phe procedure wed was entirel vceptable patient ili ot whom were 4 
formed before entrance to the mstitution that ant drug ould not be used ur 
less their subsequent course mdreated the advisalulit fortification { thew 
adn cnn ton the tud Change to the hospitea let wa vithout mmeident. No patient 
e therapy ingery for tubereuloss 
tient sere divided into three group nated 
re wea etoup a control group 

stale 
vith the 
ion made tor us b Sunkist 

(,rower 
(ire reup consumed the sme «lve 
thee pout each da is cup 
ile talslet or intramuscular myeetion total of gm of aseorbie Was giver 
pert the chet mad part tublet vshich were given on tour divided fen O 5 gm 
tablets of brewer east (Atlantic Yeast No. 156), tw e 05 em. tablets of raw defatted a 
iver. and <ix Ame tablets of itanun P ere also given each da Phe pa 
tients in this group reeeived daal nee tortihed i et 
of intake of vitami and related food factors. One third of G pll received dar 
of international uns rithetu itaman AY mitate plus 5.000 inter 

init rt rithetue toumin Dina water dispersible form In a few of these patient 

plastia ¢ 
dropped to 
two 
third ibgroup 
sleaohol uf ‘ per 
Group consisted of patient constumed the mie wie diet as the patient 
in Groupe and // ol orange mice «lat steed the ipplement 

the patients in Group I, with the following exception. Vitamins A and D were given to ley 
crude meentrate trom cod the torm of 
residue designated Nsk The patients in this group were turted o 4 
min A and approximate 7 of the natura DD im the 
ak 
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The too regimen until the plasma concentration of vi 


cooded Lt shen that conmeentration reached, the daily dose was 
reduced to w concentration a imatel If the blood 
concentration still ‘ mount | ‘ further reduced ! 5.000 
it 

It will be note i i | difference between G oup ll wd G oup lll sas that 


the former rece nthetie produet while the latter received it in the 


ide eoneet om liver oul 


im the tud included the usual laborator tes 


form of a er 
toutine ¢ t 
with tests for tubercle bacill by examination oF spu 


with 


shich were imyected into the me three 


employed in 


tum and gaat ‘ The gastric content bacterplogi tudies were made 


er of three j entrat pecinen 
guinen pug ‘ each pig, in eflect received a pool of three concent ited specimen 
ineluded stereo chest roentgenographic examina 


ton 
in independent observer whe did not know the group placement 


thon every SIX Weeks 


(Chest hime were 
of the patient al \ given the re ponsitalit 
nt elsewhere for other treatment 


ileo of determining if and when 


a patient wa , ved from the research and s« 


In general ‘ progressed into the period of well-est iblished chemotherap' 


this meant treatment with streptomycin -PAS and, later isoniazid. The chemotherap 


wie upplemente appropriate, urgical measures 


Hemoglobin determinations, complete blood count wd erythrocyte sedimentatior 


teats were made at seek intervals on | patients 


In addition to the routine laborator ind roentgenographie examinations ted, the 


following special tests w . if in order to evaluate the nutritional statu 
tient 
Plasma tests for vitamin A ester vitamin A aleohol, carotene, and vitamin 
interval 
Serum protein calerum phosphorus ana phosphatase determinations 
month mtery 
¢ amination of the eyes to detect the presences ind determine the ‘ 


verity ofl blood sludging ind to detect the presene¢ of under the cot imetivae 


it the lamtu the palpebral line of closure was ¢ irried out 
CBSBERVATIONS 
(/lerations in Vutrition Lee ulting from Vitamin Suppl mentation 


It did not prove possible to abolish all nutritional deficrencies in any group 


Data on nutritional defierencies at the time of admission to the hospital ined 


inclusion in the study are presented in tables | and 2 


It will be seen that the great majority of the 7S patients with moderately 


tuberculosis exhibited lowered blood concentrations of vitamin (' 
It may be 


advanced 
and connective tissue thickening of the gums at the time of entrance 


noted in passing that «a high percentage of patients with minimal and far ad 


vanced tuberculosis in residence in the hospital, but who were not included in 
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rABLI 


Evipence or Vivramin A Dertct 


Night blindnes 


pot per cent 
Blood carotene Not lowered 
Vitamin A ester Not lowered 


Lowered vitamin A alcoho 73 per cent 


the study (which is limited to cases of moderately advanced disease) also howed 
signs of vitamin © defierency All of the 5 patients with far advanced disease 
showed each of these findings of vitamin deficieneyv. In the 22 cases of mini 
mal disease, the only completed observation was on the blood; in 25 per cent 
lowered plasma Vitamin © concentrations were found 

Similar deficiency was detected in the vitamin A concentration on entrance 
The overwhelming majority of patients suffered from night blindne ind @NX 
hibited Bitét spot \pproximately three-quarters of the patients were four 
to have lowered values for vitamin A in the blood. Thirty person had severely 
low plasma concentrations below 26 or 85 per LOO mi. of plasma 


values for carotene and vitamin A ester were not lowered 


Che good basic hospital diet, unfortified by vitamin supplementation, tailed 
to improve plasmic concentrations of the itamins a great deal Kleven of the 
37 in Group never developed norma! plasma vitamin A concentration Vhirts 
two of the 37 never developed normal plasma ascorbie acid concentration 

Vitamin supplementation howevel raised concentration 
significantly (table 3 and figure 1). Supplemental acid given in dose 
sufficient to bring the total consumption up to 4 gm. a day to the 41 patient 
in Groups and [11 raised the plasma content of vitamin © to nore than | 
per 100 mi. in two weeks in all 12 patients tested Most of the 41 patients were 
not tested at the end of two weeks. The time of the second test wa delayed a 
long as eight weeks in some cases. All of the patient had normal plasma con 
centrations on the second test. Tissue improvement in the gum however, cid 
not occur within the yu riod of the study 

Plasma concentrations of vitamin A also improved in Groups [7 and I77, but 


rABLI 
Percentace or Parients iN Treatment Grove wert Nonmat 
Puasma Arconot Concentrations Dining Fins 


Days ov TREATMEN' 


{ 
ax 
Afte Alte Aft ‘ Aft 
‘ 
Group 27 7 12 4 
frou 2 


° 9O wars 120 180 


hia. |. Pereentage of patient vith plasma vitamin A sleohol concentratio 


iy per 100 ml. during fir IN) dave of treatment 
C (table 3). Vision 
Fleischer 


the improvement Was not as rapid aes with vitamin 


dicated in the night blindness test, was impro ed in only 2 cases 


Lubbers, and Schober (4) also failed to correct night blindness in tuberculous 
patient 


In the first third of (rroup patients who received svithetic vitamin \ 


150,000 pet day 
instances, but little rise oc 


palmitate orally as a water dispersed material 


the ester value in the plasriiat was evident in most 
In the other subgroups 


hload concentration of vitamin A alcohol 
syvuthetic vitamin Ain either the ester 
injected imtramnuscularly the dosage was reduced 


curred in the 
ol Group I7, when the 
aleohol (Subgroup I11) was 
te 160,000 1.0. per week. This was done because of the higher rate of absorption 
with this method of administration 


tions of both vitamin \ forms was the least 
vitamin A were slow and irregular 


Subgroup // or 


and the change in the prleasrnace concentra 


On the whole, the responses induced by 
As noted, synthetic vitamin A supplements were given 
a erude concentrate of vitamin A from cod-liver oil 
and most rapidly by the crude 


to 26 patients while 
ID received Plasma con 
were changed Trost conspicuous! 


eentratiote 
per cent of the patients who received the 


concentrate of vitamin A Ninety 


concentrate had normal concentrations of vitamin A within thirty days table 4 


The phenomenon of blood sludging was not altered in any ol the groups 


Clinical Results of Supple mentation 


Clinieally. differences in the course of tuberculosis were deteeted in the thre 
The variation mn the course ot disease Was most 


al 
The clineal course of Group Il patients did not ditter 


in the Group I17 patients 
synifieantly trom that of Group 
of special note evident among the subgroups of Group IT. For 
for clinieal results in the Group [7 patients were combined for 


(control) patients, nor were differences 
worthy this 
reason the figure 

Clinical failures are recorded in tuble 4 
37 cases in Group TI (control group without 


It will be seen that failure ot good 


clintenl respotise occurred in lo ot 


vitamin supplementation), and 10 of 26 cases in Group (vitamin supple 
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rABLE 4 
or MoperaTety Apvancep PULMONARY 


ny TREATMENT 


* Included were o case of perirectal , one case of tuberculous | 


of tuberculous ©o on lath and 3 of tracheobronehial tuberculosis 


mentation with vitamin A in svnthetie form). No failures oceurred in the pa 


tients of Group 111, who received vitamin A in the form of crude concentrate 


of cod-liver oil 
It mav be noted in this connection that, in previous studies of cases of tain 
were tol nted were 


mal tuberculosis, 2 of 10 cases in which vitamins 
fortified 


recorded as clinical failures, while among LO) patients whose diet) was 


with vitamin supplements, ineluding vitamin A in the form of cod-liver onl 


concentrate, no clinical oecurred 

every effort was made to maimtain the random placenn nt of patient 
of the three study groups. [tts believed that the finding therefore 
examined statistically Phe eh scjliare formula cannot be used, as one ol the 
observed frequencies is zero The binomual equation reve: that differences in 


results between Groups [and [77 are signitieant 


The probability of chance distribution leading to the result) reeorded 


OOO. of two chanees in a thousand 
The results observed in Group and (rroup are not 
(0.2 


ditherent 
from each other by the sane procedure p 


Lhe results recorded above that dhetars Upplementation 


tended to bring the low iturin and \ blood comeentra 
tions of puitient vith moderately ad tuberculosis to 


contrast, a good ho pital diet contamng an exece of calome requirement 


ibundance of proten ind ordinarv amounts of the tasled to do se 


Sper ial interest attache to the effect ol itamin A Upplementation Vitam 


Phe formula 


; 
hence of (tis Fa 
Fot 
Ad tat Failure of Other® 
Disease Disease (a ire 
for the binomial distribution follow 
/ 
Substituting. equ the number of patients in Group we 
the number of elit failures in G pl the / 
111 who did wel ‘ the number of plil rin 
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\ exists in two forms in the blood (5-7). The vitamin is stored in the body in the 
form of an ester. Vitamin A aleohol represents 90 to 95 per cent of the vitamin A 
in the systemic circulation. It is this form that is lowered in the tuberculous pa 
tient. He seems unable to release the aleohol from the ester combination 

Carotene conversion to vitamin A also appears to be blocked in tuberculous 
patients Both earotene and vitamin A ester exist in the plasma of tuberculous 
patients in the same amounts as in normal persons, even when signs and symp 
toms of vitamin deficiency are des eloping or are already pre sent 1,5 

When the erude concentrate of vitamin A is administered, blood concentra 
tions of vitamin A ester and vitamin A aleohol both rise, the former to a higher 
degree than the latter 

The difference in the effeet of crude concentrate of cod-liver oil and synthetic 
vitamin A appears significant not only from the point of view of raising blood 
concentrations but also in the striking variation recorded in the proportion olf 
clinical failures in patients to whom the two products were administered. It is 
noteworthy that no clinical failures occurred in the group of patients receiving 
the crude concentrate 

Che clinical results suggest that a factor favorable to healing is present in the 
crude concentrate of vitamin A from ecod-liver oil, Lsomers of synthetic vitamin 
A are now available, and Wald and Hubbard (9) have reported that these have 
different biologie poteney in the visual eyele. The results encourage further 
work. which is now under way, to find the active principle responsible for the 


effects noted with the crude concentrate 


StU MMAKY 


\ study was organized to determine if nutritional deficiencies in tuberculous 
patients could be abolished, and if their removal would lead to improvement in 
progre 

Seventy-eight patient with moderately advanced tuberculosis, all of them 
showing nutritional deficiencies, were placed on bed rest, with a good hospital 


diet. and subjected to nutritional study and treatment. None received chemo 


therapy, collapse therapy, or surgery tor tuberculosis while in the study 


At the start ol the mvestigation, most ol the 7S patients were found to have 
abnormally low blood concentrations of vitamin A and vitamin C. Signs and 
symptoms of vitamin A deficiency were disco ered in patients with normal caro 
tene and vitamin A ester concentrations. This suggested failure of the tissues of 
thaewe patients to convert carotene to vitamin A and to release vitamin \ from 
vitamin A ester 

For purposes of the investigation the 78 patients were divided into three 
groups: Group 7, with no vitamin supplementation of the hospital diet; Group I1 
which received the same basic diet as Group 7, plus supplementation with vita 
min Ain the form of the synthetic substance; and Group I11, similar to Group 11, 
which received vitamin A in the form of erude cod-liver oil concentrate instead 
of synthetic vitamin A 

The basic hospital diet. more than suffierent for calore and protein require 


ments. with more than average amounts of vitamins A and C. did not raise the 


a 
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original low plasma concentrations of tuberculous patients in these two vita 


mins significant! 

Therapy with vitamin A produced slow and irregular responses in vitamin A 
blood concentrations. The response was much better with the cod-liver oil con 
centrate than with synthetic vitamin A 

All patients in the group which received the cod-liver oil concentrate (Group 
Ill had it good clinical course and were cise harged as inactive cases ol pulmo 
narv tuberculosis. There were no clinical failures. In contrast, clinical failures 
occurred in both the control group and the group which received synthetic vita- 
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Organizése el estudio aqui presentado para determinar si podian abolirse las dehieiencias 
nutritivas en ios tuberculose iesa eliminacion ayudaria a mejorar la ¢ volucion clinics 
\ 7S enfermos que tenian tuberculosis moderadamente avanzada, mostrando todos ellos 
deficiencias nutritivas, se les impuso el descanso en cama, con una buena alimentacin 
inatorial, sometiéndolos a estudio y tratamiento de la nutricién, Mientras se les estudiaba 
ninguno de ellos recibid quimioterapia, colapsoterapia o tratamiento quirdrgico para la 
tuberculosis 
Al iniciarse la investigacion, se observé que la mayor parte de los 78 enfermos mostraban 
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ronse signe sintomas de avitaminosis A en enfermos que revelaban concentraciones hot 
males de carotina de éster de vitamina A hecho este que sugiere ine spacidad ae los tejidos 
os enftermos para convertir la carotina en Vilamimna \ para desprender la vitamina A 
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Case Reports 


BCG VACCINATION AND MEASLES’ 


D F. CROSS 
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J post-impetiginous pigine tution wer the trunk and some ecze round the 
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BOG VACCINATION AND MEASLI 


Pus was aspirated trom the alsscess in the right axilla on October 10 The pus ent to 
the Provincial Division of Laboratorse Vancouver, British Columbia. M ‘ 
Was tsolated ! eulture and the bacilli were injected into a guinea jug. On 
sutopsy, the guinea pig showed no evidence of tuberculosis It was inferred that the organ 
isms were avirulent for the guinea pig and were of the BCG strain of WU. tube ‘ It was 
believed that the BCG organisms introduced t vaccination had traveled by the superficial 
lymphatics to the axillary lymph nodes and to the intercostal nodes on the left side, where 


they grew and prod iced abscesses 


» antimicrobial treatment. By the end of November the lumbar 


he patient rece ed me 
searifications had disappeared and the sinuses had closed. By Januar 1004. the residual 
features were sears and small shotty axillary nodes. The patient was cise harged on Februar 


1954 


COMMENT 


It is safe to say that, in general no difference exists between the pathologic bela ior of 
the primary focus caused by BCG vaccination in the skin or intestines and that created 
hy the common tuberculous infection in the lung or anywhere else In both cases, extension 
takes place associated with specific imunobiologu changes. Shortly following BCG 
vaccination, various manifestations indicative of bacillary spread and the onset of tuber 
culo-allergy have been observed. These include rewional lymphadenopat! disseminated 
skin tuberculids, skin lesions reminiscent of lupus, generalized maculat rush, lichen 
scrofulosorum, erythema nodosum, tuberculosi errucosa cutl ridocvelitt phivete 
nular conjunctivitis. Contrary to the ordinary tuberculosis, however, the BCG: reaction 
is relatively soon overcome by the defense mechanism ot the host. although there are 
rare exceptions to this rule. [t is sutherent to reter to the ise reported | 1. \lever and 
kK. A. Jensen in the September 1954. issue and the letter ol KI James im the Februar 
1955. issue of The American Review or TuBercuLosis AND PULMONARY Disthast 

It has been shown that undesirable reactions may be due to an ul hosen site of vac 
cination, faulty method and technique, increased potency of vaccine, and overdosage 


even alter elimination of all possible errors, however and standardization of procedure, a 
certain number of cases remain in which unknown or at least uncertain and unpredictable 


factors appear to pla role in the unusual response to BOG VMiomentary mmunolnology 


states. individual constitutional peculiarities, environmental stre concurrent or inter 
current nonspec ihe infections, to mention just a few, are sore ol the tactor whieh have 
been mentioned in this connection 

At any rate, regional lymphadenopathy is the principal complication of BCG vaceina 


tion. and statistics give account of its oecurrence in France, Holland, the Scandinavian 


countries, India, and elsewhere Smaller figures have been | rought forward on the longlish 
sy iking countries concerning the BCG vaccination limited to only munor professional or 
ethnw groups such as nurses soldiers « bskimos, et cetera Neverthele there 
is general agreement that, the younger the child, the higher the incidence of lymphadenites 
and that. generally speaking, suppurative processes are very rare indeed above the age 


limit of two to three ears 
Phis leads to the we under discussion The patient was ol the unusual age of me url 
four vears and of good development ind nutritional state for that age In ew of this, 


it seemed necessal to look for an explanation tor the unusual renetion to BC'C,, and so 


attention was directed toward the sequence of event The patient was given BCG 
weination on Ju Sand developed objective ¢ idence of menst mor about Jul 2s 
It <eers rensonable to that mensle had been contracted appre ite one Weer 


ilter weimation, that is, during the ery first phase of BOC) spread. To pediatricimn 


= 
A> 


to infections in general and to tuberculosis in 
particular ol the disease, even the older child becomes 


ulnerable, without 1 It is a time-honored clinical experience that 
measles tend and the role of the measles in causing spread of 
tuberculo chemotherapeutic era Today, however 
iverse effect of the occasional 


chemotherap in tuberculosis, the ad 


intercurrent ith mensl isuiall remains subclinical and is consequently 


whored. Yet it must be borne in mind that the temporary fading of the positive tubers ulin 


; test during measles and other ane ‘ent observations still hold true. Nor is there any reason 
; to assure huracter of measles could have changed for the better in recent 

If that om mot get from the conclusion that coum dental measles have 

q un untoward effect on ourse of BCG vaccination. Although there little in the litera 

PP ture to that effect hypothetical prerequisites for an unw unted spread of the BCG: wn 

fection » he present 

| . A\lthoug! e reflections suggested by a single clint il observation and by theoret 
a ional spectiiation erthele they seem reasonable, and there is really no way at present 
7 of settling the ertainty. Apart from the academic interest, questions of pt vetieal 
importance | ase from these considerations Deferrmea BCG: wemation durng 

i time of high p ' ff measles seems a sound principle. Moreover with exposure to 


mensies ina vould seem to be a common sense measure to deter 


with BOG 


MMAKY 


as been ented to show extensive suppurative rewional adenitis following 


BOC, vaccination role of the attack of measles whicl occurred shortly alter vaecina 


tion has been ciscussed The admitted! speculative eonclusion drawn that menses 
may ocen ponall internet the reaction to Het, The idence ol the two 


should | ivorded 
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caso pre ienitis supurativa regional consecutivamente a 
la vacunacion | papel del ataque de sarampion que oeurrio poco 
después de ia pine La conelusion reconocidamente saca es 
el ez en cuando tintensifear in reaecron a ln Con BOG 
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TUBERCULOUS MENINGITIS DUE TO AN ORGANISM OF LOW 
VIRULENCE WITH SPONTANEOUS RECOVERY 


JAMES H. CULLEN 


teceived for publication March 1, 1955 

The infrequency of spontaneous recovery from tuberculous meningitis well known and 
is illustrated by the statement of Lincoln (1) that, in the twenty-five years of the existence 
of the Chest Clinie of the Children’s Medical Service at Bellevue prior to the use of the 
antituberculous drugs, no child had recovered from tuberculous meningitis. However 


sporadic cases of such reco ave occurred from time to time and, im 1931 Kramer 


and Stein (2). in a review of the literature, found 73 fairly well-proved cases of tuber ulous 


meningitis with recov lo be sure. six of the meningeal infections recurred subse 
quently and five of the recurrences ended tatally 

The finding, in pathologie specimens, ol V yweobacteritum tuberculosis of low virulence be 
uncommon. In the Communicable Disease Center, ¢ hamblee. Georgia, a study was misc 
by Patnode and associates (3) of 302 organisms culturally characteristic of hunmiuan type 
VM yobacterium tuberculosis. Progressive disease in guinea pigs Was produ ed by 200 (09 


per cent) ol the organisms. One of the strains whi h failed to produce progt ive «ck 


was obtained from a BCG induced lesion. OF the other two strains, one sused regional 
lymph node infeetion and the other produced no guinea pig The writer 
gested that the low irulence of these latter two organism might have been due to pro 


longed subculture before guinea pig inoculation was done. In a bactenologie and path 


ure 


ologie study ol eases of tuberculous meningitis by Ma 


Edinburgh, all of tl yanisms were pathogens guinea pig 
also pathogenic for rabbits, madicating the were voviIne strau 
mention finding any tubercle bacih of low virulenes 
In the cnse reported below spontaneous recover eemed to be oecurring un the 
months prior to the discovery of the etiologic agent 
to be human-type VW ycobactertum tuberculosis o 
treatment with antituberculous drugs did) not 
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TABLE |} 


CeREBROSPINAL FLUID FINDINGS 


Cold 
Curve 


Remark 

191-78 per cent 2 ; Culture negative for M 
lymphocytes losis 

ZAV 52 per cent 


mpho« 


Cervical myelogram 
Culture positive for M 
loata 
Culture negative tor Vv 
Smear positive for acid-tast ba 


cilli: culture negative for MW. tu 


herculoata 


Streptomycin PAS ind jsonin 


zid started 


muscle; and moderate tenderness with voluntary splinting, but no spasm, Was present in 


ver quadrant of the abdomen, There was mild nuchal rigidity, but otherwise 


the right 
there were no abnormal neurologic signs or reflexes. His optic fundi appeared normal 

Laborator mination revealed a negative serologic test for syphilis, normal urine, a 
hemoglobin of i vith 4.9 million ervthroeytes. The leukoeyte count equalled 10.800 
with SS per cer yphils, IL per cent lymphocytes, 5 per cent monoeyte ind | per cent 
eosinophil t roentgenogram showed a small discrete area of caletheation in the 
left apex and anot the right mid lung. These remained unchanged on all subsequent 
films. Serial cerebrospinal fluid findings are shown in table | 

While int the patient's temperature gradually fe to normal during « four day 
period snd since then has remaimed normal He did not receive at intimicroinal drugs be 
fore or during this hospitalization. His he idaches and muscle aching were markedly re 
duced. but had not been completely relieved by the time of his discharge from the hospital 
on October 2. 1952. with a diagnosi« of abortive, nonparalytic polhomyeltt Following his 
cischarge the pratient continued to have wional headaches ind more ind more pain in 
both shoulder From time to time he also had some sibdominal distress, but these «<vmptome 
were no different from those he had been having for the previous ten years 

On February 4 } the patient was readmitted to the hospital for further examinations 
At this time. roentgenogrames of the skull were vithin normal limits except fora few pinpome 
‘ tier overt wm the tre ridge The re were ho piaques al ition noted 
sbout the mening The prime il body was calerhed and in its proper po ition Roent 
genogran of the ’ howed small caleifie densities adjacent to the tuberositres of 
both humert suggestive o luteral peritendinitis calearen 

On Mareh 11. 1953. cervies! mvelogram was done and revealed no abnormalities Phe 


patient was discharged from the hospit il on Mareh 27, 1955 
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obtained on Mareh 17. 1054 (one week 


the patient conditio 
did not return to work 


about’ > however he 
brospinal fluid specimen 


d Mycobhacte sm tube ‘ on culture 
termittent tre 


hospit il because the cere 
ifter the myelogram 

At this time (Apr 1955 
i of bis head and was preset 
absent Ihe optie fund. agai 


mtal headache 


the patient complained of i 


t mostly on the right side. There were 


which radiated to the 
ired 


no new physical finding ind nuchal rigadit 

normal. A cerebrospinal fluid specimen obtained on April 22, 1953, showed mat wid fast 
‘re strung out in a sort of linear ta hion as though «a pellicle had 
had been searched tor or 
Because of these two reports of finding 


ei. 12 gm. of PAS 


bacilli on smear which we 
Culture of 


been smeared. However, no pellicle observed gro 
this cerebrospinal fluid specimen was sterile vod 


on and the other on smear, LO gm. o trep 


ind 300 mg. of isoniazid daily were started on April 25, 156 Phi mothers col 
; 


tor t he reduc tion «of treptom ein 
No 


fast bacilli, one 


tinued unimterrupted! 
August 30. 19538, until cember 22. 1954, when they ere op 
intrathecal therapy was given 

Further studies during this hospital admission showed « l-plus reaction to 0.0002 mg. o! 
but no reaction to a 1: 100 dilution of either hi topla min or An electro 
April 20, 1953, using monopolar 
in essentially normal record 


and recording howed 


enet ph ilogr im on 
with no evidence ¢ loonl 


borderline abnormatitee probabl 
smal disorder. A roentgenogram of 
content ind urine examuinatior 


tion. There was no fever at all during 


or parox the pine and an intravenous pyelogram 
were normal. Repeated sputum, gastri sere negative 


bacilli on culture and guinea pig inocula 


the blood count always remained within norm 


for tubercle 
this period, and | range. The patient is 
discharged home on April 23, 1954, with no change in either his mptoms or general condi 


He returned to work in October poradie headache 


tion 194, in spite of continuing 


whe md ibdominal! 


The cerebrospinal fluid ure shown ith tulle Pha pe i the re suit 
prior to treatment and a representative election of those obtamed during treatment 


ixeept for the initial tap on September 9, 1952. the cerebrospinal fluid 
| 
imen obtained on March 


pressures were 


always normal The sugar was silwayvs normal ¢ xcept tor the pen 


11. 1953. when the cervical myelogram was done using Pantopracyue This was not com 
pletely removed and, as recently as August, 1954, 1.5 mil. of Pantopaque” were removed 
tl elapsed after the 


when a lumbar pure ture was done It is not Known how long an miter 
cerebrospinal fluid specimen ol March 11. 1953, was obtained before the war determina 
iuse of this report of a low sugar that a rep it lumbar puncture 


tions were done. It was bee 
specimen that a 


was done on March 17, 1953. It was from thi wi-fast organiems were 
cultured (two colonies) which were typical culturally and morphologically of Mycobac- 
teriwm tuberculosis. The cerebrospinal fluid specimen of April 22, 1954, was the one with 
acid-fast bacilli on microscopy but stenle on culture a uly deseribed | subsequent 
cerebrospinal fluid sper mens were negative for tubercle bacilh by miuicroseop ilture, and 
Although other organisms neoforman 


guinea py inoculation melding jploce 
were repeatedly searched for, none was found 

Several studies were done on the organism isolated fron cerebrospinal fluid speci 
men of Mareh 17, 1953. A neutral red dye test, accord ol of Dubos and 


Middlebrook (5), gave a negative re sugg 
y susceptibility 


er 
stuches showed that thi train Was susceptible ty , of PAS. and 
pi injected subeultured 


0.2 7 of tsonmmaid per m \ guine j 
dA lo mp 


ire and 


repeated subculture the organism fe 


specimen ol the organs! wi only developed lesio tien le 


| 
f 
by the time it was killed on June 22, 1953. Furth 
Pe. 


H. (ULLEN 


Broshe. bacteriologist of Sunmount Veterans 
tl on repented guinen onl localized 
tuberctloss vas produced in rabbits. He considered the 


liuherculoma. ol low Ino 


treptom PAS, and 


COMMENT 


Phe ills in the group desenbed by Lincoln serous 

menimyith onsideread She reported twe in children ll of whom 

mecrensed number of cells were in the cerebrospina fluid, but the 

hemi mwel Although she did not find any tubercle bac the cerebro 

paras lan her i iT that the finding of a few organisms was not meom 

poeatibole re reule is. The of menimgitis were usually associated 

vith a « ivort the hematogenous 

ited protem sbnormal collomdal gold urve the 

sbeence of ol wiing tuberculosis elsewhere would seem to remove the 

we fro ) ‘ erous meningitis. Moreover, the wt that the organism was 
recoveredl se be the acute epmode would not seem to fit serous meningitis 


reactors who o mptomes of cerebral or meningeal irritation. Of these forty-five 


ireen (4 tudied the cerebrospinal fluid in forty-five tuberculin 
Persons, On min ‘ etive tuberculosis In three instances tubercle bacilli were found 
on guinea pig inoculation, although these three children had no evidence of active tubercu 
loxis, No menimgitis was present in these patients or ce eloped within the next two years 
slthough p remained in one case, These same workers found in a post-mortem bar 
teriolog dy of cerebrospinal fluid that, in twenty cases without gross or microscopu 
evidence of Tr e meningitis, tubercle bacilli could be recovered in ten instances. In 
even of tl i es. tuberculous foci were found in the brain. They believed “that 
tuberculosis of tl entral nervous system, in common with other forms of the disease 
may be arre do and undergo clinical cure, even when the cerebrospinal fluid has been 
infected, provided the lesions localized and that the diffuse exudative reaction does not 
tuke place 

Again it is hoard te fit the present case into the type deseribed above because the tubercle 
bach were found und seven months after the acute episode, at a time when the cerebro 
spinal fluxl was still abnormal 

As the first appearance of the unusual microorganisms in the cerebrospinal fluid was 
detected one week after the intrathecal instillation of Pantopaque", it is conceivable that 
they were introduced with this radiopaque material. This question cannot be conclusivel 
neal is only one cerebrospinal fluid specimen had been examined for 
tubes weil prior to that tume and the positive « ulture was obtained six days after the 
introduction of the drug. It seems unlikely that this oecurred, as one would have expected 
more of a meningeal reaction after the mvelogram than did occur (as the organmm did 
consistent produce local disease in guinea pigs) and, too, it seems more probable that 
the initial infection of the meninges occurred in September, 1952 

In an from the observations and studies during the course of the illness im this 
patient, | ’ ed that there is justification for considering that the case represents an 
Instance « reulous meningitis in which spontaneous recovery was taking place and 
that the is due to a human-type Mycobacterium tuberculosis of low irulence 


Sinee the did not receive any antimicrobial drugs prior to the isolation of the 


organist that nonspeciihe robial ther iltered the course of the 
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THE IN VITRO ACTION OF CYCLOSERINE ON M. TUBERCULOSIS 


(ycloserine is a new antimicrobial drug which in a preliminary trial’ has shown some 


promise in the treatment of tuberculosis. The present report has to do with the effective 
ness of eycloserine against Mycobacterium tuberculosis in vitro 


The following strains were used in this study 


Mak Phi rulent human «train was received from William Steenken, Jr_, of the 
Prudeau Laboratori It 3 ceptible to ioniazid, streptomycin, and para amine 
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resistant to more than 405 of PAS per mil 
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mwerine on the normal growth curve 
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miarized| in table | nm ter faves «cela n vrowtl 
It i apparent from table | that no pronounced difference exists between an ol the a 
“trams tested. Strentor im-resistant id the avirulent stra ver hight! le 
susceptible te oserine than was H37Rv, and the PAS-resistant strain was slight an 
more susceptifile that the parent straw 
The effect of adding loserme to an active growing culture of 


UNITS 


BACILLI RE- @ 
SUSPENDED IN FRESH 
DUBOS. GROWTH BEGAN 
IN 5 DAYS 


TR 


NEPHELOME 


H 37 Rv CONTROL GROWTH 
CYCLOSERINE ADDED ATA | 
10 AiG/ML MEDIUM 


T 


5 


DAYS 


tleet ‘nf closerine Oo ie 


own fwure 2. C'yeloserme per mi 
the fifth ca ‘ culture had grown to 144 nephelometrie units 
drug im cused dilution of the suspension of organisms 
nephelometer ding to 131 units. The organisms continued to multipl vi nine hours 
ifter the drug had been added the reading was 174 unit At approxin ly this time 

wth censed ‘ density of the culture began to decrease. On the ninth day, when 
the nephelometric reading fallen to 06 units, a sample of the culture w tamed b 
the Ziehl Neelsen 1 : tained smear revealed only approximately 10 per cent 
of acid-fast rod remaining material consisted of nonacid-fast bacilli, broken and 
disintegrated in appearance, plus considerable amorphous nonacid-fast maternal The 
remainder of the cells were separated by centrifugation and remoculated inte five tubes 
containing 10 ml. of fresh Dubos liquid medium. These showed no growth for 5 days and 
then typreal acid tast bacilh grew out 

In figure 3 the effect of combining a subinhibiting dose PAS with a subinhibiting 
dose of eveloserine is demonstrated. Some additive effect of the two drug ould be ob 
served but there was no nergistic effect at the concentration of ly of PAS with 3 ¥y of 
eveloserine per mil. of medium 

In figure 4 the effect of adding evcloserine to an actively growing culture of H37R 
is compared with the effeet of adding eycloserine to «a similar culture to vhich strepto 


mvein had been added eleven hours earlier. At the time marked A, streptomyein (10 4 


per mil. medium) wa vided to flask 1. This slowed but did not arrest the growth of the 
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hia. 5 Compart on o effect of eveloserine on activel growitg 


without previous addition of 


bacilli, Eleven hours later at time marked B, cycloserine (10 y per mil.) was added to 
flask | and growth ceased immediately and the bacterial density decreased slowly. This 
type of curve is also seen with streptomycin alone. Smears of the cultures on the tent! 
day showed that the bacilli in this flask were completely disintegrated. \ large number 
of spheneal poorl taining bodies were present, but no typieal acid-fast bach were seen 
Flask 2 received cycloserine (10 y per ml.) at time marked A ind growth continued tor 
eleven hours and then fell sharply and finally paralleled the bacterial density in flask | 
until the seventh da it which time the bacterial density increased again. By the tenth 
day a Ziehl-Neelsen stain showed a mixture of typical acid-fast bacilli and nonacid-tast, 
poorly staining ghost cells and cellular detres 

In figure 5 the effect of adding isoniazid followed by eycloserine eleven hours later is 
shown and the result is compared with adding eyeloserine alone. Adding the isoniazid at 


time A did not slow the bacterial growth in the first eleven hours and the growth curve 


was superimposed on the control curve. When eycloserine was added to the isonimaid 


treated bacilli at time B. growth continued until the bacterial density reached 260 units 
ind then formed « plateau. This is the type of curve which would be anticipated with 
isoniazid alone’. The addition of eycloserine alone at point B, however, resulted in a short 
period of bacterial growth followed by a pronounced drop in the bacterial density as the 
cells disintegrated On the eleventh day a smear from each flask was stained by the Zieh 
Neelsen technique. The culture treated with eyeloserine alone showed a very oc sional 


wid-fast bacillus and, for the most part the material was nonacid-fast mnorphous debris 
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The culture which had been treated with isoniazid and then eycloserine consisted of non 
wid-fast rods with dark beading. There did not appear to be any disintegration of the 
cells and the smear closely resembled the appearance of organisms treated with isoniazid 
ilone 

The metabolism of bacilli treated with cycloserine was examined by the Warburg tech 


nique and by the addition of tetrazolium. Tetrazolium reduction in the cultures used re 


quired at least twelve hours for color development in the controls. Therefore, the tetra 


zolium reduction test did not indicate what oecurred in the first few hours after the 
addition of cycloserine. When tetrazolium was added to the medium at the time the 
drug was added, reduction to formazan was of a slightly less degree than in the control 
tubes. When tetrazolium was added twenty-four hours after the eycloserine, there was 
no reduction to formazan. When cycloserine (20 y per mil.) was tilted into cultures of 
RiRv in a Warburg apparatus, no effect was shown on the oxygen consumption for six 
hours after the addition of the drug. Apparently ceycloserine does not immediately arrest 
the metabolism of tubercle bacilli 

From the above observations, it appears that evcloserine is an effective bacteriostaty 
drug against M. tuberculosis in vitro. The inhibiting dose, 5 to 10 y per mil., is effective 
against virulent and avirulent strains and against bacilli that are resistant to strepto 
mycin, PAS, or isoniazid. Subinhibiting doses of cycloserine are not synergistic with PAS 
to produce full bacterial inhibition. There is some indication (figure 4), however, that a 
combination of streptomycin and cycloserine will arrest growth for a longer period of 
time than will eycloserine alone. In this regard the effect of drug combinations on dela 
ing the emergence of cycloserine-resistant bacilli will require careful study 

Although eultures exposed to cycloserine undergo bacterial disintegration after an ini 
tial brief period, the combination of isoniazid with eycloserine seems to prevent this dis 
integration. This suggests that disintegration of the bacilli is not a consequence of mere 
physical contact between drug and cells, but results from the bacilli either metabolizing 
the eycloserine or being forced into an abnormal metabolic pathway by the presence of 
the cycloserine and then subsequently disintegrating 

In summary: Cycloserine is bacteriostatic against M. tuberculosis in vitro. It inhibits 
the growth of virulent bacilli, avirulent bacilli, and organisms resistant to streptomycin 


PAS, and isoniazid. It causes gradual disintegration of tubercle bacilli in growing cultures 
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STREPTOMYCIN AND PARA-AMINOSALICYLIC ACID 
IN PULMONARY TUBERCULOSIS 


I. Results During Treatment: 528 Patients 


In late 1951, four New York State tuberculosis hospitals! began a cooperative stud) 
to evaluate the comparative efficacy of two streptomycin regimens in proved pulmonary 
tuberculosis, After being selected for chemotherapy, in staff conference, patients were 
wmeigned to the two regimens by alternation. Streptomyem was given in a single injection 
of 1 gm. daily to one group and thrice weekly to the other. All patients also received para 
uninosalieviic acid (PAS) orally, 8 to 12 gm. in divided daily doses. All were on modified 
hed rest. The duration of treatment was decided individually for each patient on the 
basis of the “response” of his disease, unless untoward drug reaction necessitated pre 
mature termination. Kach was to have received at least four months of chemotherapy 
plus additional twoomonth periods as deemed indicated. Due mainly to early toxicity, 
chemotherapy was discontinued in less than four months in LOS persons, approximatels 
20 per cent of the original series of 528. Comparability of the two groups was not altered 
by these early withdrawals. The mean length of chemotherapy was slightly more than ten 
months for each group. Among the 420 patients who underwent chemotherapy for four 
or more months, the average length of treatment was approximately twelve months 

The present preliminary report concerns results during treatment. A later one will 
present the long-term results following treatment 

The orgimal stud group consisted of 52S patients, with a median age of thirty four 
ears; 55 per cent were males, Classified by 1950 Diagnostic Standards of the National 
Tuberculosia Association, 1S per cent of the group had minimal involvement, 51 per cent 
moderately advanced, and 31 per cent far advanced; 55 per cent evidenced cavitary dis 
ease. Fourteen per cent of the patients also had extrapulmonary tuberculosis, and 9 per 
cent had significant nontubereulous complications. In 11 per cent, previous thoraer 
collapse or excisional therapy had been performed, Chemotherapy of four months or longer 
was completed in 420 patients 

The progress of ene h patient wus evaluated every two months on the basis of roent 
genographic changes (parenchymal and cavitary) and of bacteriologic studies of sputum 
or gastric lavage 

The patients who received daily streptomyem tended to mmprove their disease more 
rapidly and more satisfactorily than did those on the thrice-weekly schedule, but this 
difference was not statistically significant. On the other hand, the daily dosage was accom 
panied by a significantly higher frequency of drug toxicity. Over-all, short-term observa 
tion of results during treatment seemed to reveal preference for the schedule of three 
injections weekly. The response to therapy was so closely similar in the two groups that 
it is presented for the entire series in table 1. Of 298 patients who still were on treatment 
at the eighth month, 55 per cent had improved markedly and 28.5 per cent moderately 
it the twelfth month, two-thirds of ISO had improved markedly 

In almost one-half of the patients, thoracic collapse or excisional therapy was deemed 


vivisable and was accomplished, for a total of 395 procedures, in 261 patients as follows 
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Pheumonectom 


Lobectomy 


Hermann M. Biggs Memorial Hospital, Ithaca; Homer Folks Tuberculosis Hospital 
Oneonta: Mount Morris Tuberculosis Hospital, Mount Morris; and Ray Brook State Tuber 
Ile put il Ra Brook 
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Segmental, block, or wedge resection 
Thoracoplast primar 

Thoracopl ist other 

Decortication 

Phrenic nerve crust 
Pneumoperitoneum 

Pneumothorax 


Other procedures 


Chemotherapy was continued for eight or more months, rather than a briefer period 
more often in the patients who also underwent collapse or excisional therapy than im 


those who did not. At each evaluation period, the percentage of “marked Hnprovement’ 


was higher in patients of the surgery-collapse group than in the others. Collapse or exci 


ronal therapy was elective: thus these results are deseripti e rather than definitive 


The over-all rate of significant drug toxicity was 3.1 per LOO person-months of exposure 
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which slightly exceeds that of some other reports. By advance agreement, ritieal criteria 
were applied in assessing slight evidences of toxicity and in resultant discontinuation of 
the drug. Each of the two drugs was responsible for approximately one half of the tox 
reactions. The rate of toxic reaction was highest during the first month of treatment 
namel 13.2 per 100 person-months of exposure thereafter, and up to two years of 
treatment, it was less than 3 per 100 person-months. Reaction to streptomyemn usually 
was manifested by vestibular nerve disorders; to PAS, by fever. At the four month evalu 
ation point, full bacteriologic studies (table 2) had been completed on 363 patients who 
were continuing treatment, and 105 still had tubercle bacilli in the sputum In 15 of 
these patients, the strains of tubercle bar illi showed resistance to one, sometimes both, of 
the drugs employed. By the ¢ ighth month, infectiousness had been reversed in 22S of the 


246 patients for whom full bacteriolog had been reported. Among the 1S patients who 


continued to discharge tubers le bacilli in the sputum, only one patient strain showed 


drug resistance 
There were 12 tuberculous deaths, a rate of 2 2 per 1,000 months of observation, and 


& deaths occurred from other causes 
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THE RELATIVE SENSITIVITY OF THE SKIN OF THE FOREARM AND 
SHOULDER TO TUBERCULIN 


For many vears it has been customary to carry out tuberculin and other tests for 
hypersensitivity by the intracutaneous injection of the diagnostic agent into the skin 
over the volar surface of the forearm. In the course of studies dealing with the tuberculin 
reaction following BCG vaccination, the present writers, as well as other investigators 
in this field, have long recognized the fact that the tuberculin reaction following BCG 

vweination differs in most instances both quantitatively and qualitatively from that 
observed following natural infection with virulent tubercle bacilh 


In BCG - vaccinated persons the tuberculin reaction tends to become less marked and 


more diffuse with passing years and in many istances there may be a questionable 


slight, or negative reaction to O.1 mg. of a potent sample of Old Tuberculin (OT). [It has 
further been observed that the vast majority of those persons who show a slight or doubt 
ful reaction show wute local inflammatory reaction (Koch phenomenon) when rein 
jected with BCG ine, indieating the persistence of specitic hypersensitivity 

In the course of some studies dealing with the possibility of inducing a focal reaction 

injecting OT in the vicinity of the BCG sear, it was found that, while foeal reactions 
vere not observed, the tuberculin reactions in the shoulder were more localized than the 
reactions noted in the volar surface of the forearm 

Further studies indicated that the more marked reaction to OT in the skin of the 
shoulder was unrelated to the BCG sear and, in all probability, was due to the more dense 
tissue in that region 

To determine this point, a group of 139 persons approximately twenty years of age, who 
had received an intracutaneous injection of mg. of Bo weme from six to thirt 
months previous! vere injected simultaneously with me. of freshly diluted OT un the 
«kin of the forearm and in the skin in the region of the deltoid on the side opposite that 
of the BCG vaccination. Among the 139 persons, the forearm showed 02 with L-plu 
2-plus, or 3-plus reactions; 43 were doubtful and 4 failed to react. On the other hand 
readings at the site of the tuberculin injection over the deltoid showed 136 with |-plu 

}-plus reactions, 2 with doubtful reactions, and one who failed to react. With 

hut few exceptions the edema and redness over the shoulder were more sharply defined 
in_dd more marked than mm the forearm 

These observations indicate that more satisfactory results are obtamed when the 
tuberculin test following BCG vaccination is administered in kin over the deltoid 


than im the lar non of the forearm 
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THE CORRELATION OF RATE OF CATALASE ACTIVITY, GUINEA PIG 
VIRULENCE, AND ISONIAZID RESISTANCE OF TUBERCLE BACILLI 
FROM SPECIMENS OF PATIENTS UNDER ISONIAZID THERAPY 


The significance of resistant tubercle bacihi in the sputum of patients receiving 


therapy ix net learl at present The Trequent lack of correlation 


fineling~ the il 


between drug susceptibility test=, roentgenographiv 


heheved by some that the 


of such patients brings this fact inte sharper focus. [It 


tubercle bacilli im treated patents m an medication of a 


infection. Others, taking imteo 


emergence of resistant 


lows of cirug eflectivens on the eourse of tuberculous 


vecount these discrepancies, espectiall mee the condition of some patients continues to 


mn thew sputum 


miprove in spite of the emergence of wonmzil resistant tubercle 


specimens, beheve that too much attention is given to this phenomenon as determines 


the semiquantitative cultural resistance tests 


At the present time, evidence ims accumulating that certain properties of tubercle baci 


we changed when they have become isoniazid resistant after exposure to the drug. For 


example, resistant tubercle bach manifest a loss of catalase activity in ritro* 


a loss of virulence for guinen pugs 


wtivil clewres al 


The present report deals with the relationship ol rate of catalase 
from patients who have 


monmzid reswstance, and gumen pie irilence of tubercle 


heen receiving treatment 


used and the following proced ires were carried 


four puttum concentrate 


cote h concentrate 


Schechter 


, 
tests were performed on VPeizer 


Direet routine drug stsceptibalit 


ind Lowenstein Jensen slant The tests con 


isted of the inoeulation of approximated) 


of each concentrate on leapolae ite medium slants contaming serial dilutions « 


ilso rnoculated with each concentrate 


O25 ml 


isoniazid. Control slants contaming no drug were 
quantitative culture plate drug susceptibality tests were carned 


Schechter agar pl ites 


At the same time 


out on each concentrated specimen of sputum. Dupleate Peizer 


containing serial dilutions of were inoculated with Ol of concentrate which 


pread over the agar surface. Before the 
were diluted with phosphate buffer at pH? The amount of dilution 


war plates were seeded, the con 


was even! 


was judged by Gallky counts made on microscopy 


of stained specimens in order to 


the eolony counts and dilution 


ensure discrete colony growths for eounting. From 
ible to determine the total bacterial population on the control plates 


factors it Was po 


f organiemea resistant to each concentgation of isoniazid 


the number « 


Three tenths (O45) of 


i milliliter of each coneentrate was injected subcutaneous! 


at the ime time as the culture tests 


into the of a gunmen pi 
irnied out on the 44 two to three week old growths of 


(Catalase activit testa were ¢ 


control culture of the tube and plate 


stince teats 


the 
The catalase test used in this study depends upon the 
The formation of various graded intensities of 


wtion of hydrogen peroxide on 


ellow 


molybdate in acid solution 
mount of hydrogen peroxide 


permits a rapid colorimet re 


color, dependent upon the 


f catalase activity under controlled conditions Two strains 


determination of the rate of « 
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of tubercle bacilli known to be highly resistant to tontazid ind two known teontazid 
usceptible straw were alwave included as controls in each set of tests 


ind quantitative plate culture tsoniazid susceptibility tests, guinea pig 
of tubercle bacill of 44 sputum spect 


correlation 


The test tulx 
rate of catalase activity 
1. It may be observed that there was a good 
tests. When a primary 


infection result ancl the 


mens are summarized in table 


hetween the guinea pig virulence result« and the catalase-activit 


mei was either entirely or partially catalase 
within three months after infec 


eulture of tubercle | metive the correspond 
ing animals had visceral tuberculous lesions at necrops 
tion. Cultures prepared from the tuberculous lesions of 26 of the infected guinea pigs 


were all susceptible to 0.1 > of isoniazid per ml. of medium, When the primary cultures 


isible gross visceral tuberculous 


table | Nos. 30 44 


of M. tuberculoma were catalase inactive, there were no 
lesions seen in the corresponding infected guinea pigs 
On the other hand, there seemed to be some, although a less definite correlation between 


the results of the isoniazid susceptibility tests and the rate of catalase activity of the 


primary cultures of tubercle baeith 
The lack of a precise correlation between the drug susceptibility tests and the catalase 


proportion of drug 


wtivity might have resulted either from «a masking ol the 
susceptible tubercle bacilli in the mixed bacterial population in the specimens by the 


present methods used to text drug su ceptibility 
1 population of tubercle 


or from an erroneous interpretation of 


the concentration of ioniman! at whiel bacilli might be con 


sidered’ entirely (not partially) resistant to the drug 
The first cause is easily demonstrated in table | by comparing the routine test tube 
isoniazid susceptibility tests with the quantitative plate tests. The second reason, the 
resistant concentration, may be demonstrated 


seen that the amount of growth of tubers le bacillt of 
con 


erroneous uterpretation of an 
in table 1, Nos. 30 44. It may ln 
No. 30 and No. 43 on of per ml. of equ the growth on the 
trols contaming no drug. These « irulent and catalase imactive 
No. 40 grew equally well on 1 of isoniazid per ml, of medium and on the 


drug. Moreover, thw culture was guimen 


ultures were guinea non 
control medium 


without any pig nonvirulent and catalase 
Strains Nos. 41. 42. and 44 were resistant to 10-y of drug per ml. of medium and 


is concentration of monmaid as on medium 


grew as well on tl without any drag. These 
cultures were nonvirulent for guinea pigs and were catalase mactive 
thove evidence that different strains of tubercle 


ind that there 


bacilh tay be 


It is possible from the 
come wonmzid-resistant at different concentrations of tonimzid is tho One 
significant drug concentration at vhich all of the tubercle bacill of a culture become re 


sistant to 

The degree of catalase activity of primary growths of tubercle bacilh tros eC 
may be one tnportant clue to the actual extent of resistance and guinea pig 
virulence of the organisms im specimens of drug treated patients 


In summary: \ comparison of the results of iti e plate 


tube method for the determination of iwonimzid resistance of tubercle baci 


indicated that routine test tube procedures offen tiast thy 


iia routine test 


on specimens 


of crug- treated patient 
portion of su eptible organisms in the mixed population of tuber le 
present in specumens. pig infected with seemingly teoniazid-resistant tubercle 
bacilli developed typical tuberculous lesions within three months from vhich were grow! 
to O.1 of isoniazid per ml. of medium 


tubercle usceptille y 


agreement mel to exist between the rate of catalus« 
bacilli from isoniazid treated patients and the 


tures of tubercle 


pit 
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littures, thre ther hand, there seemed to be hard il ireement of the 
zd culture resistance results of these strau th either thes itulase activity or then a 

degree of guinen pig 
No one significant isoniazid found at which cultures of tubercle 
became guinen pig-non\ catalase inactive 
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Correspondence 


INDUCTION OF AKTIPICIAL PNEUMOTHORAX 


To Ue kditor of the {re rwan Revie u of T ule re ulosis and Pulmonary Diseases: 


My attention has been called to the Note by Clarke, Shipman, and Galbraith in the 


Review April, 1955) on “Induetion of Artificial Pneumothorax” and to the reference in 
to Dooneief, ind Pics gli W \m Rey Tuber 


The present 


paragraph 2 (page 


1049, 60, 557." The sentence preceding the bibliographical reference re uls 


writers take issue with the thesis that all initial pneumothoraces must he traumatic®.”” To 


most readers it would appear from this that the thesis that all initial pneumothoraces must 
he traumatic emanates from reference No. 5, Le., Dooneief and Piecagh In fact however, 
the data in our paper to which the writers refer indicated the opposite and, on page 562 of 
the issue of the Review referred to, we state the theory that ‘traumatic induction’ ts 
inevitable and unavoidable was not confirmed.” The conclusion of our paper reads: “In 
the majority of patients with unilateral or bilateral moderately advanced pulmonary 
tuberculosis, the conventional method of pneumothorax induction with a blunt needle 
does not cause trauma to the lung of sufficient degree to permit escape of air demonstrable 


by available roentgenographic methods.” This would appear to be exactly what the writers 


are saying in their paper 
und pulmonary surgery have made the point somewhat 


The advances in chemotherapy 
and 


academic and rather unimportant. However, in the interest of scientific accuracy 
journalistic precision, I thought that T ought to call this misquotation to the attention of 
Also. I wanted them to know that we are entirely in agreement 

Very truly yours 


S. 


the writers 


Monrerione Hosrrrat 
Beprorp Hints, New York 


May 1055 


] 

4 

4 

4 

4 

at 

252 


Books 


My Lire wirn tHe Micropes. By Selman A. Waksman. Pp. 364, Simon and Schuster, 
New York. 1004, Price $5.00 


Was not her name Fradia, which meant joy’? Was not her husband's name Jacob 
ifter one who w the father of her people? She would name her son, after her own 
father, whom she barely remembered, the King of Kings, Solomon the Wise, a name 


whieh had been corrupted during the centuries and had been changed to Zolmin 


Thus, in the ye IXSS. in the small town of Novaia-Priluka, twenty miles from the 
city of Vinnitsa in the Russian Ukraine, the infant Selman Abraham Waksman was 
born Schooled in an atmosphere where first the prophets, then the Talmud with all 
its complicated interpretations comprised most of the intellectual diet, he grew up during 
a disturbing period in the history of Russia. Poverty and dissatisfaction were prevalent 
among the peasants who had been liberated from slavery only a few decades before 
socialism Was growing rapidly the Revolution was in the making. Thus, although there 
were no open rebellions against the government, some individuals felt the need for more 
opportunities in education and for greater participation in the life of the county 

Perhaps the most interesting aspect of this book is the author's aecount of life in the 
Ukraine during the early days of his youth, of the religious training aequired in his home 
of his struggle for further education, and, finally, of the changes which led to his emigra 
tion to the United States in 1910. The many descriptive passages in which he relates his 
impression of Russia and of the Ukraine on his return there in 1924 mnd again in subse 
quent years clearly convey the economu ind social changes that have taken place during 


the past half century. Written in Priluka, in 1924, he states 


The greatest misery that one could ever imagine greatest catastrophe that 


the peoples in Russia have gone throug the greatest experiment in social 
wolitical relations of men can hardly express what we have seer Human lif 


half 


‘ 


lost all vestige of value. A human being dressed in rag ving in a someting 
broken-down house, feeding on meat once a week. | have seen here, in 
where I was born and brought up, among the people whom | loved, misery a 
could only be imagined. The first impression was as if | were walking throug! 
cemetery, with a few living ghosts wandering among the ruin Dhis misery o 
shadows by far in my thoughts the greatest experiment in human relation 


ittempted, namely the communistie regime in Russia 


By 1946, Priluka had been completely destroyed and all its inhalitants killed b 
(sermans 

From this rugged background comes a man who has survived to tell of the count: 
his birth, to describe to us his early impressions of the United States, and to write of close 
to half a century of fruitful research in the field of microbiology. In this autobiography 
the author recounts numerous events which indicate his great contribution to the field 
of microbiology, he recounts, moreover, the sequences events which initially aroused 
his interest in antibiotic substances and ultimately led to his discovery of streptomycin 
Each step in his career, and each accomplishment, was a logical outgrowth of previous 
experiences; the discovery of so important i drug as streptomycin, by one interested pri 
marily in soil microbiolog is not surprising, fo is the author reminds u The Lord 


created medicines out of the « rth, and he that is wise «hall not abhor them The Vion 


heclesiasticus 


| 
| 
‘ 
it 
ver 
4 


hooks 


Following the discovery of streptomycin in ri onors i man 


nations and universities among which was ward of the Nobx for PI 


Medicine. The new Institute of Microbiolos it Rutgers Uni vas 


with royalties from the of streptomyecm and ass 
thor of this book. the success acl ed by one who we diffi 
eult course, are deset wok 

loue largely to the author breaith of knowledge and wide contact with serentist- 
throughout the world, due to his knowledge of the language and literature of the irs 
countries of the world, and due also to his remarkable ability to depiet in words fis in 


pression col preenpole places aml things, this book contaue much that will be of interest 


to layinen and screntiete alike 
(sLADY L. Howny 
New York New York 


\Naromiquk tr SOL By Creorges inett 


( olleetion le In titut Pasteur buditions Paris 1054 


The author reports in this monograph the res i study of the old remnants of the 
primary infection and of remtection either exogenous or endogenous) mm SO) adult) pa 
tients who died of progressive pulmonary tuberculosis ina hospital in Paris between 140 
snd 1944. It appears from this study that pulmonary tuberculosis was predominantly of 
the nonprimary type and that latent remfection foci were the tore frequent! found 
the older the patients were. In most cases of reinfection the primary complex was calethed 
and. therefore. in the opinion of the author, could not have served as the source of bocmeatly 
involved in the “remfeetion This fact as well as the finding of an increasing number of 
remfection foerm the older groups suggest that the reinfection foer and the progres 
sive clisease itself were cue exogenous rather than endogenous tubercle bacilli, The 
withor compares his results with those of similar investigations made in the United States 
by Terplan and by Medlar. The studies of these authors have shown that progressive pul 
monary tuberculosis among American adults is a predominantly progressive primary in- 
fection. Canetti present evidence that these divergent results are explamed 
difference of “density of tuberculous infection” in the two environments He party 
emphasizes in this connection that the tubers ulin conversion rate with age iso 
in France than in the United States as evidence for his thesis that the exposure | 
ix much higher in France. [nan environment in which the frequen: 
not only the total number of cases of pulmonary tuberculosis but 

cases will be high which pulmonary tuberculosis bs » remfeetion 

infection is followed by repeated exogenous remfection, On the contrat 

ment where the occasion for infection is rare, not only the total number 


monary all 


er but also the percentage 

fection is stialler al stamipomt, progressive prin tubercu 
losis ws not different trom the remlection type Phe mportant problem in the pathogenest-» 
of both mw that of determin } factors cause the evolution o Der visting focus 
either toward progression ¢ The author re-emphasizes tl n addition 
to systemic factors, bor fuctors in the lesions themselves must play an unportant role 
in this evolution ane our knowledge concerning these factors im still deficrvent. Some 


of practiont and theoretical inportance inte the protien presented latent tu 


— 

5 Une 

Pp 

a 

‘ 


herculous foci might be obtained, the author suggests, if it were known whether the ine 
dence of activation of such latent lesions could be reduced by chemother vel or 
bed rest alone or in combination; and he outlines in some detail how sue study eould 
be conducted 


(Canettis crities omieal mvestigations, integrated with those of Perplan and 


Mecdlar present a ll-rounded view of the complicated problem of endogenous versus 


exogenous reinfection tuberculosis. Canetti in this monograph has synthesized the clearest 
picture thus far presented of this aspect of the pathogenesis of tuberculosis 
Weener 


Den er Color wlo 


Suncery in Tuserev y Richard H. Overholt and Norman J. Wilson. Pp. 20 


National Tuberculosis Association, 1955, Price, 50 cents 


This pamphlet is miten »exXplam outline form the ‘ ‘ procedure 

that have been emploved in the treatment of pulmonary tuber intended prt 

marly tor meden mi nurses and those pliysi whe relativels 

little contact wit! <urger In sin chi 

indientes the prin | ous Oper 

Which they produce nan outh ft thos on woselecting a spe 
‘ 


ooperative proces mot be veept in a ementary the 


rival prececdure 


pamphlet gives sample outhne of the 
heen employed im pulme tuberculosis. The pamphlet fulfills the purpose 
it ms intended 
¢ 
New Yor 
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AND THerary. By Allen bk. Hussar and Howard 
75, The Maet in Company, New York, 1954, Price, $6.00 
CONTAGION AND Atm HyGient Wolleam Porth We 
monwealth Fund, Harvard University Pre Cambridge, 
UNTERSUCHUNG UND 
H. Valentin, and H. Venrath 4 vith olustration 
Stuttgart, 1955 
PROLONGED AND PeERPLEXING Freven Keefer and 
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American Trudeau Society 


Medica! Section of the National Tuberculosis Association 


NOTICES 


ANNUAL SYMPOSIUM ON PULMONARY DISEASES AT FITZSIMONS ARMY HOSPITAL 


The Fighth Annual Symposium on Pulmonary Diseases will be held at Fitzsimons 
Army Hospital, Denver, Colorado, September 26-30 under the sponsorship of the hos 
pital, the University of Colorado Sehool of Medicine, and the American Trudeau Society 
Topies such as physiological considerations and diagnosis, the management of pulmonary 
tuberculosis, complications of tuberculosis, chronie nontuberculous diseases, neoplastic 
and mycotic lesions, chronic suppurative diseases and other nontuberculous diseases, 


thoracic trauma and other surge il pron edures and problems will be discussed The sym 


posium will also include medical and surgical chest conferences, case problems in a pul 


monary disease clinic, and demonstrations conducted at the hospital fegistration for the 
course will be limited to 300 physicians in private practice, government service, and the 


armed fore 
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THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


BRILLIANT, EDGE-TO-EDGE SHARPNESS ! 


You owe it 
to your 
audience 


—small or large 


CHOOSE from 2 Kodaslide 
Signet Projectors... 
Kodaslide Signet 500. Wirth 500-wart lamp 


Lumenized Kodak Projection Ektanon Lens, 5-inch 
{/3.5. Smooth, effortless slide changing. New im 
peller type blower. Price, $72.50. With //2.8 lens, 
price, $79.50 

Kodaslide Signet 300. With lamp 
Same optics, many other features of Signet 500 


Prices include Federal Tax where apple 
and are wubjyect to change without notwe With {[/39 lens only price $59.50 


. 

OR—CHOOSE a Kodaslide Projector, Master Model 
%. 1000-watt lamp. Delivers more light than any other 
2x2-inch projector. ¢ hoice of 4 fine projection 
lenses. Heat-absorbing glass and built-in tan protect 
slides from heat. Priced from $169 

For further information, see your Kodak dealer 
or write for literature 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 
Serving Medical Progress through Photography and Radtography 
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Meat... 


and Biologic Facts of Protein Metabolism 


The classical work of Cannon and his associates* in the field of protein 
metabolism has contributed significantly to our knowledge of the biologic 
utilization of protein. It has established that the dietary absence of a 
single amino acid quickly changes the direction of metabolic activity 
from anabolism to catabolism. Apparently all the nonessential amino 
acids play some part in sparing the essential amino acids, and all may 
be regarded as indispensable for optimal nutrition. It has been sug- 
gested “that for maximal tissue-utilization of amino acids at least twenty 
per cent of the total dietary nitrogen should come from other sources 
than essential amino acids.” 

In undernourished subjects the maintenance requirement for each 
essential amino acid is much greater—two to almost five times greater — 
than in healthy subjects. 

Although an optimal caloric intake facilitates optimal utilization of 
amino acids, a reducing regimen need not curtail full utilization of these 
nutrients. It has been shown that a useful degree of amino acid utiliza- 
tion can be attained with caloric intake considerably below the optimal. 

Minerals appear to be important in the process of amino acid 
metabolism. Evidence indicates that either phosphate or potassium 
deficiency might adversely influence amino acid utilization. Absence 
of either ion from experimental depletion rations leads to depression of 
appetite and slowing of the processes of protein repletion. 

B complex vitamins also affect the metabolism of proteins and 
amino acids. For example, rats fed a high protein diet require a high 
intake of B complex vitamins in order to maintain normal growth 
rates. Omission from the ration of any one of these vitamins (ribo- 
flavin, thiamine, pyridoxine, or pantothenate) is accompanied, in varying 
degrees, by lower food consumption and slower weight gain. 

Meat of all cuts and kinds is high in its content of protein, and 
provides well proportioned amounts of essential and nonessential amino 
acids. Meat also supplies valuable amounts of essential minerals, espe- 
cially iron, phosphorus, potassium and magnesium, as well as important 
quantities of all components of the vitamin B complex, thus assuring 
maximal utilization of the amino acid components. 


*Cannon, P. R.; Frazier, L. E., and Hughes, R. H.: Factors Influencing Amino 
Acid Utilization in Tissue Protein Synthesis, in Symposium on Protein Metabolism, 
New York, The National Vitamin Foundation, Inc., 1954, pp. 55-90. 


The nutritional statements made in this advertise- 
ment have been reviewed and found consistent with 
current medical opinion by the Council on Foods 
and Nutrition of the American Medical Association. 


American Meat Institute 
Main Office, Chicago ... Members Throughout the United States 
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GUARD AGAINST CONTAGION 


from supine admissions with new X- ray camera 


The Fairchild-Odelea, Angle-Hood, photo 
fliorographic camera makes possible for 
the first tinne admission examinations of 


supine as well as ambulatory cases. Institu 
tions will find it extremely effective in helping 
to minimize risk te personnel and other pa 


tients from unexamined carriers 


Highest quality photofluorography 
in '« the exposure time presently required 


The Model X-70SA, Angle-Hood camera 
has the same outstanding features as the 
Fairchild-Odelea X-70S (In-Line): 75% less 


exposure time, excellent sharpness of detail 
ability to stop motion, automatic safety cle 


Model X-7OSA 


vices. The versatility of the 


permits conversion from upright to horizontal 
position for a complete job of admission 


chest X-ray 


For complete information, contact your 
local X-ray equipment supplier, or write 
Fairchild Camera and Instrument Corp., 
Syosset, L.L, N.Y Dept. 160-405 


X-RAY EQUIPMENT AND ACCESSORIES 
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impressive about DIONOSIL is the fine way it 
does its job: then gets out fast 


Lung fields become radiologically clear a few days after 

a Dionosil bronchogram. In that brief span the radiopaque 

is completely absorbed into the blood stream 

and excreted in the urine. No free iodine is liberated in the 
process; there is no risk of iodism. It is easily administered 

by instillation or intubation. Bronchi are outlined rather than 


solidly filled, the shadows persisting for at least thirty 
ASK FOR BROCHURE “Bronchography 


minutes allowing ample time for examination. with Disecell”—aethods for inatiietion 
and intubation—patient posturing, radio- 


All of which is why Dionosil is rapidly becoming the team 


; ; ; j j ‘our local Picker office or write us at 
bronchographic medium of choice among radiologists who White Plains, N.Y. 


have used or have seen it used. 


DIONOSIL 


new and superior contrast medium 


for bronchography 


Available in two forms: DIONOSIL, an aqueous suspension 
(iodine content about 30%) and DIONOSIL OILY, a sus- 
in arachis oil (iodine content about 34%) of propyl- 
lone* a product of Glaxo Laboratories, Ltd., British rma- 
ceutical house of world repute 
*a-propyi ester of 3.5 diiodo-4-pyridone-N-acetic acid 
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AP Bronchogram (bilateral) A. P. Bronchogram 
oil; left side with Dionosil % 4 

4 


EMERSON 
Plearal Saction Pamp 


1. Very high volume. 


Aspirates 30 liters per minute at a set- 
ting of 10 centimeters of water. 


2. Low, constant pressure. 


Does not climb appreciably even with 
tubes wholly obstructed. 


Designed for continuous service. May be 
adapted for 2 patients at once with 2 tubes 
to each, 4 »* Made by the makers of 


Emerson Respiration Assistors for I P P B. 


Please write 


J. H. EMERSON COMPANY 
CAMBRIDGE 40, MASS., U. S. A. 


The Behavior of 
Pulmonary Tuberculous Lesions 


by E. M. MEDLAR, M.D. 
240 pages 43 illustrations in color 


In this monograph, published originally as a supplement to the March issue of The Ameri- 
can Review of Tuberculosis and Pulmonary Diseases, the author has brought together in 
these eleven comprehensive sections the results of a lifetime of observation and interpretation. 

. Svavrement or tue Prosies. 

. Taw Exrermentat Arrroacn. 

. Necropsy Stupres or Human Potmonany 

. Discussion of Resecrep Specimens. 

. Besavior or tae Parencarmat Lesion. 

. A Srupy or Resecreo Movmar 

. Baowcntat Lesions Tuperco 

. Browcnrectasis. 

. Osservarions. 

. or tae 

. Posrscurrr. 


Paper Bound... .$1.50 each, postpaid. 
Send your order and payment al once to 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 
1790 Broadway New York 19, N. Y. 
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IN TUBERCULOSIS CHEMOTHERAPY 


Buffered 
PARASAL” 


minimizes G.I. upset caused by 
ordinary P.A.S. preparations 


Better tolerance, reports the tablets (see dosage table). 


V.A.: “There seems to be Hence, Buffered PARASAL 


better patient tolerance of is more economical sad 
this preperation then any convenient. 

other we have used”.‘'* c ‘tel ith INM or SM. 

Buffered PARASAL is « 

More effective. All Buffered safe and effective link for 

 PARASAL products are PAS-INH, PAS-SM ther- 

fresh domestic apy. 
to assure strict Maintcined Therapeutic 
ity and dependability. Reed Gam On, at 


33'4% fewer tablets. © 
17 Buffered PARASAL & Sedium & Suger Free for 
tablets 0.5 Gm. replace 24 geriatric patients and those 
Sodium P.A.S. 0.5 Gm. on restricted diets. 


DOSAGE EQUIVALENTS 


BUFFERED "PARASAL’ Reploces 
TABLETS, 0.5 Gm SODIUM PAS 
(Sodium Free) TABLETS, 0.5 Gm. 


16 22 
7 24 
18 25 
20 28 
24 34 


OTHER ‘PARASAL’ DOSAGE FORMS: 

@ Effervescent PARASAL tablets, 2.0 Gm. (PAS.). 

@ Buffered PARASAL-INH tablets, a PAS-INH combine 
tion containing 0.5 Gm. P.A.S. with either 12.5 mg. or 
20 mg. ISONIAZID PANRAY® 

@ PARASAL SODIUM tablets, 0.69 Gm. (sod. P.A.8.). 


Write jor samples, literature, 
complete information 


(2) VLA Query. Prog. 


Report. Oct.’ 
Ratland Heights V.A. 
Hew. Mass. te 

Sole Cc c R P, 


Winley-Morris Co., 6579 Someried Ave., Montreal 29, P.Q. 
© 1065 The Panray Corp., New York, N.Y. * patents applied for 340 CANAL STREET, NEW YORK 13, a. ¥. 
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effective 
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